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WELLBORE CASING 
Crass Reference To Belated Applications 

This application daima the benefit of the filing date of U.S. Provisional 
Patent Application Serial Number 60/1114293, attorney docket number 25791.3, 
filed on 12/7/1998, the disclosure of which is incorporated herein by reference. 
Background of the Invention 
This invention relates generally to wellbore casings, end in particular to 
weHbore casings that are formed using «wp»™i«Ki» tubing. 

Conventionally, when a weDbare is created, a number of casings are 
5 installed in the borehole to prevent coDapee of the borehole wall and to prevent 
undesired outflow erf drfflmgfh^ 

formation into the borehole. The borehole is drilled In intervals whereby a casing 
which is to be installed in a lower borehole interval is lowered through a previously 
installed casingof an upper borehole interval. As a consequence of th is procedure 
10 the casing of the lower interval is of smaller diameter than ***** casing of the upper 
interval. Thus, the casings are in a nested arrangement with casing diameters 
decreasing in downward direction. Cement anmili are provided between the outer 
surfaces of the casing 

walL As a consequence of this nested nrrangement a relatively large borehole 
15 diameter is required at the upper part of the wellbore. Such a large borehole 
diameter involves increased coats due to heavy casing handling equipment, large 
drill bits and increased vohimea of driffing fluid and drill cuttings. Moreover, 
inc r eas ed drilling rig time is involved due to required cement pumping, cement 
hardening, required equipment changes due to large variations in hole diameters 
20 drilled in the course of the well, and the large volume of cuttings drilled and 
removed. 

Hie present invention is directed to overcoming one or more of the 
limitatio ns of the existing procedures for forming new sections of casing in a 
wellbore. 

26 Summary of the Invention 

According to one aspect of the present invention, a method of forming a 
wellbore casing is provided that includes installing a tubular liner and a mandrel 



In the borehole, izyectinglhudic material into ^ 

the ]jr>pr m the borehole by extruding the liner off of the mandreL 

According to another aspect of the present invention, a method of forming 
a weUbore casing is provided that includes drilling oat a new section of the 
5 borehole adjacent to the already existing casing. A tubnlax liner an^ 

then placed into the new section of the borehole with the tubular liner overlapping 
an already existing casing. A hardenable Quiche sealing material is injected into 
an annular region between the tabular liner and the new section of the borehole, 
fhp annular region between the tubular finer and the new section of the borehole 
10 is then fluidicly isolated from an interior region of the tubular liner below the 
mandreL A non hardenable fhridic material is then injected into the interior 
region of the tabular liner below the mandreL The tubular liner is extruded off of 
the mandrel The overlap between the tubular liner and the already existing 
casing is sealed. The tubular liner is supported by overlap with the already 
15 existing casing. The mandrel is removed from the borehole. The integrity of the 
seal of the overlap between the tubular liner and the already existing casing is 
tested. At least a portion of the second quantity of the har denab le fluidic sealing 
material is removed from the interior of the tubular liner. The remaining portions 
of the fluidic hardenable fluiolc sealing inaterial are cured. At least a portion of 
20 cured fluidic hardenable re eling material within the tubular liner is removed. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, a 
mandrel, a tubular member, and a shoe. The support member hichades a first fluid 
passage. The mandrel is coupled to the support member arid includes a second 
25 fluid passage. The tubular member is coupled to the mandreL The s 

to the tubular liner and includes a third fluid passage. The first, second and third 
fluid passages are operably coupled. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, an 
30 expandable mandrel, a tabular member /a sh^ 

The support member includes a first fluid passage, a second fluid passage, and a 
flow control valve coupled to the first and second fluid passages The expandable 
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mandrel is coupled to the support member and includes a third fluid pa ssage. The 
tubular member is coupled to the mandrel and includes one or more sealing 
elements. The shoe is coupled to the tubular member and includes a fourth fluid 
passage. The at least one sealing member is adapted to prevent the entry of 
5 foreign material into an interior region of the tubular member 

Acco rding to another aspect of the present invention, a method of joining 
a second tubular member to a first tabular member, the first tubular member 
having an inner diameter greater than an outer diameter of the second tubular 
member, is provided that inchidesposrtfonmga mandrel within an interior region 
10 of the second tubular member. A portion of an interior regkm of the second 
tubular member is pressurize 

the mandrel into engagement with the first tabular member. 

According to another aspect of the present invention, a tubular liner is 
provided that includes an annular member having one or more sealing member s 
16 at an end portion of the annular member, and one or more pressure 
at an end portion of the annular member. 

According to another aspect of the present invention, a wellbore casing is 
provided that inc ludes a tubular liner and an annular body of a cured fluidk 
sealing material. The tubular liner is formed by the process of extruding the 
20 tubular liner off of a mandreL 

A cc or di n g to another aspect of the present invention, a tie-back liner for 
lining sji existing v?eIIbore 

annular body of cured fhritfir BPflliTigmateriaL lite tubular Imer is formed by 
process of extruding the tubular Knar off of a mandreL The annular body of a 

25 cured fluidk sealing material is coupled to the tubular liner. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, a 
mandrel, atubular member andaaboe. The support member inchides a first fluid 
passage. The mandrel is coupled to the support member. The mandrel includes 

30 a second fluid passage operahfr coupled to the first fluid passage, an interior 
portion, and an exterior portion. The interior portion of the mandrel is driUable. 
The tubular meniber is conn^ Tlieshoeiscmipledtetbetubi^ 
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member. The shoe j™-hiH<.« a third fluid passage operabry coupled to the second 
fluid pa ssag e, an Interior portion, and an exterior portion. The interior portion of 
theshoeisdrillable. 
Brief Description of the Drawings 
5 FIG. 1 is a fragmentary cross-sectional view illustrating the drilling of a new 

section of a well borehole. 

FIG. 2 is a fragmentary crosfraectioruJ view illustrating the placement of an 
emb odimen t of an apparatus for creating a casing within the new section of the 
well borehole. 

10 FIG. 8 is a fragmentary cross-sectional view Oluatratingtheiioectbnof a 
first quantity of a hardenable fluidk sealing material into the new section of the 
well borehole. 

FIG, 3a is another fragmentary cross-sectional v^ 
of a first quantity of a hardenable uuidic sealing material into the new section of 

15 the well borehole, 

FIG. 4 is a fragmentary cross-sectional view illustrating the injection of a 
second quantity of a hardenable fhndic sealing material into the new section of the 
well borehole. 

FIG. 5 is a fragmentary cross-sectional view illustrating the drilling out of 
20 a portion of the cured hardenable fluidic eeaung niaterial from the new section of 
the well borehole. 

FIG. 6 is a cross-sectional view of an embodiment of the overlapping joint 
between adjacent tubular members. 

FIG. 7 is a fragmentary cross-sectional view of a preferred embodiment of 
25 the apparatus for creating: a casing within a well borehole, 

FIG, 8 is a fragmentary cross-sectional illustration of the placement of an 
expanded tubular member within another tubular member. 

FIG. 9 is a cross-sectional illustration of a preferred embodiment of an 
apparatus for forming a casing including a drillable mandrel and shoe. 
SO FIG. 9a 1b another cross-sectional iUustratkm of the apparatus of FIG. 9. 

FIG. 9b is another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 9c is another cross-sectional finistration of the apparatus of FIG. 9. 
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FIG. 10a is a czm^sectumal ffiustratkm of a weUbore includin g a pair of 



FIG. 10b is a crosa-eectional illustration of an apparatus and method for 
creating a tie-back liner using an ftrpflnriible tubular member. 
5 FIG. 10c is a croaa-eectioml illustration of the pumping of a fluidxc sealing 
material into the annular region between the tubular 



naiOdiaaowa^ectionaim 
of the tubular member below the mandrel 
10 FIG. lOe ia a arott-aeetkmal ffluatration of the extrusion of the tubular 
member off of the mandreL 

FIG. lOfisacroBMectianali^^ 
out the shoe and packer. 

FIG. lOgiaacroas-aectkmalfl^^ 
15 created using an expandable tubular member 
FIG. llaisafragmentaiycroawectio^ 
new section of a well borehole. 

FIG. lib is a fragmentary cn>^^ 
^embodiment of an apparatus 
20 ofthewtdl borehole. 

FIG. 11c is a fragmentary croea^^ 
afirst quantity ofahanleiian 
well borehole. 

FIG. lid is a fragmentary crose-eectjonal view flhistrating the introduction 
25 of a wiper dart into the new section of the well borehole. 
HG. lie U a fragmentary 
asecoiidcriiantrfrofah^ 
the well borehole. 

FIG. 1 If is a fragmentary cronn nodloudl view fflnatratir^ the completion 
30 of the tubular liner. 



Detailed Description of the mastrmtive Embodiments 
An apparatus and method for forming a wellbore casing within a 
subterranean formation is provided. The apparatus and method permits a 
wellbore casing to be formed in a subterranean formation by placing a tubular 
5 member and a mandrel in a new section of a wellbore, and then extruding the 
tubular member off of the mandrel by pressurizing an interior portion of the 
tubular member. The apparatus and method further permits adjacent tubular 
members in the wellbore to be joined using an overlappingjoint that prevents fluid 
and or gas passage. The apparatus and method farther permits a new tubular 
10 member to be supported by an existing tubular member by expanding the new 
tubular member into engagement with the existing tubular member. The 
apparatus and method further mfnimt*** the reduction in the hole size of the 
wellbore ^gfag necessitated by the addition of new sections of wellbore casing. 
An apparatus p™i method for forming a tie-back liner using an expandable 
15 tubular member is also provided. The apparatus and method permits a tie-back 
liner to be created by extruding a tubular member off of a mandrel by pressurizing 
and interior portion of the tubular member. In this manner, a tie-back liner is 
produced. The apparatus and method further permits adjacent t u b u l a r members 
in the wellbore to be joined "ring an overlapping joint that prevents fluid end/or 
20 gas passage. The apparatus and method farther permits a new tubular member 
to be supported by an existing tubular member by rrpanrting the new tubular 
member into engagement with the existing tubular member. 

An apparatus and method for expanding a tumuarniember is also provided 
that includes an expandable tubular member, mandrel and a shoe. In a preferred 
25 embodiment, the interior portions of the apparatus is composed of materials that 
permit the interior portions to be removed using a conventional drilling apparatus. 
In this manner, in the event of a malfunction in a downhole region, the apparatus 
may be easily removed. 

An apparatus and method for frnngfag an expandable tubular liner in a 
30 wellbore is also provided. The apparatus and method permit a tubular liner to be 
attached to an existing section of casing. Tne apparatus and method further have 
application to the joining of tubular members in general. 



Referring initiator to Pigs. 1-5. an embodiment of an apparatus and method 
for forming a weHbore casing within a subterranean formation will now be 
described As illustrated in Fig. 1, a wellbore 100 is positioned in a subterranean 
formation 105. The wellbore 100 includes an existing cased section 110 having a 
5 tubular casing 115 and an annular outer lsyer of cement 120. 

In order to extend the wellbore 100 into the subterranean formation 105, 
a drill string 126 is used in a well known manner to drill out material fixrai the 
subterranean formation 105 to form a new section 130. 

As illustrated in Fig. 2, an apparatus 260 for forming a wellbore casing in 
10 asubterraneanfonnatkmisthenpotf 

100. The apparatus 200 preferably inrh^wt mn mrp^rw^Ki^ mandrel or pig 205, a 
tubular member 210, a shoe 215, a lower cup seal 220, on upper cup seal 225, a 
fluid passage 230, a fluid passage 235, aflnid passage 240, seals 245, andaaupport 
member 250. 

15 The expandable mandrel 205 is coupled to and supported by the support 

member250. The expandable mandrel 206 is preferably adapted to controllably 
expand in a radial direction- The expandable mandrel 205 may comprise any 
number of conventional commercially w™l*hiA expandable tnwn^ rHg modified in 
accordance with the teachings of the present disclosure. In a preferred 

20 embodnnent,tbe expandable mandrd 205 conn^^ 

disclosed in VS. Patent No. 6 ,848,095, the contents of which are incorporated 
herein by reference, modified in accordance with the teachings of the present 
disclosure. 

The faibularrnember 210 is supported l^tl^ The 

25 tubular member 210 is expanded m 

expandable mandrel 205. The tubular member 210 may be fabricated from any 
number of conventional commercially available materials such as, for example, 
Oilfield Country Tubular Goods (OCTO), IS chromium steel tubingteasing, or 
plastic tubing/casing. In a preferred embodiment, the tubular member 210 is 

30 fabricated from OCTG in order to inaxinuxe strength after expansion. The inner 
and outer diameters of the tubular member 210 may range, for example, from 
apprcximate^0.75to47 inches and 1.05to4c^ In a preferred 



embodiment, the inner and outer diameters of the tubular member 210 range from 
about 3 to 15.5 inches and 3.5 to 16 inches, respectively in order to optimally 
provide minimal telescoping effect in the most commonly drilled wellbore sizes. 
The tubular member 210 preferably comprises a solid member. 
5 In a preferred embodiment, the end portion 260 of the tabular member 2 10 
is slotted, perforated, or otherwise modified to catch or Glow down the mandrel 205 
when it completes the extrusion of tubular member 210. In a p r efe rre d 
embodiment, the length of the tubular member 210 is limited to nunimize the 
possibility of budding. For typical tubular member 210 materials, the length of 
10 the tubular member 210 is r^referabry limited to between about 40 to 20,000 feet 
in length. 

The shoe 215 is coupled to the expendable mandrel 205 and the tubular 
member 210. The dice 215 includes fluid passage 240. The shoe 215 may 
comprise any number of conventional commercially available shoes such as, for 

15 example, Super 9eal II float shoe, Super Seal II Down-Jet float shoe or a guide shoe 
with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 215 
comprises an ahiminam down-jet guide shoe with a sealing sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, TX, mo dified in 

20 accordance with the teachings of the present disclosure, in order to optimally guide 
the tubular member 210 in the wellbore, optimally provide an adequate seal 
between the interior and exterior diameters of the overlapping joint between the 
tubular members, and to optimally allow the complete drill out of the shoe and 
plug after the completion of the cementing and expansion operations. 

25 In a preferred embodiment, 

side outlet ports in fhiidic communication with the fluid passage 240. In this 
manner, the shoe 216 optimally injects hardenable fhxidic sealingmaterial into the 
region outside the shoe 215 and tubular member 2 10. In a prefe rred embo diment , 
the s ho e 215 includes the fluid passage 240 having an inlet geometry that can 

30 receive dart axri/or a baU In this manner, the fluid passage 240 

can Ym optimally t^aled affry fatradu emg a phig, dart and/or ball sealing elements 
into the fluid passage 280. 
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The lower cap real 220 is coupled to and supported by the support member 
260. The tower cup eeal 22Q prevents fitrrf gn materials *mn entering the interior 
region of the tubular member 210 adjacent to the expandable mandrel 205. The 
lower cup eeal 220 may comprise any number cf conventional commercially 
6 available cap seals such as, for example, TP cups, or Selective Injection Packer 
(SIP) cupa modified in act»rdance with the ^ 
a preferred embodiment, the lower cup seal 220 compriseeaSIP cup seal, available 
firom Halliburton Ener^ Services in 
material and contain a body of lubricant. 
10 The upper oipieal 225 iecoupi^ 

250. The upper cup eeal 225 prevents foreign materials fl^ catering th* interior 
region of the tubular member 210. The upper cop eeal 225 may comprise any 
number of conventional commercially available cup aeala audi aa» fcr examp le, TP 
cups or SIP cups modified in accordance with the teachings of the present 
16 disclosure. In a preferred embodiment, the upper cup eeal 225 comprises a SIP 
cup, available fiom Halliburton Energy Sen^m Dallas, TXin order to optimally 
block the entry of foreign materials and contain a body of lubricant. 

The fluid passage 230 permits fluidic materials to be transported to and 
from the interior region of the tubular mfimber210beknv the expandable mandrel 
20 205. The fluid passage 280 is coupled to and positioned within the support 
member 250 and the expandable mandrel 206. The Hold passage 230 preferably 
extends from a position adjacent to the surface to the bottom of tl» expandable 
man d r el 205. The fluid passage 230 is preferably positioned along a centerline of 
the apparatus 200. 

25 The fluid passage 230 is preferably selected, in the casing running mode of 
operation, to transport materials such as drilling mnd or formation fluids at flow 
rates and pressures ranging from about 0 to 3,000 gaUonatainute and 0 to 9,000 
psi in order to mtnimixe drag on the tabular member being win and m™i™*»» 
surge pressures exerted on the weUbore whkhconUcanseatoaa of welllx« fluids 

90 and lead to hole collapse. 

The fluid passage 235 permitefh^ 
passage 230. In this manner, during placement of the apparatus 200 within the 
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new section 130 of the wellbore 100, fluidk materials 255 forced tip the fluid 
passage 230 can be released into the wellbore 100 above the tubular member 210 
thereby mmi'miring surge pressures on the wellbore section 130. The fluid passage 
235 is coupled to and positioned within the support member 250. The fluid 
5 passage is further fluidity coupled to the fluid passage 230. 

The fluid passage 235 preferably includes a control valve for controllably 
opening and closing the fluid passage 235. In a preferred embodiment, thecontrol 
valve is pressure activated in order to controllably minimis surge pressures. The 
fluid passage 235 is preferably positioned substantial^ orthogonal to the centeriine 

10 of the apparatus 200. 

The fluid passage 235 is preferably aelected to convey fluidic materials at 
flow rates and pressures ranging from about 0 to 3,000 gaQorWminute and 0 to 
9,000 psi in order to reduce the drag on the apparatus 200 during insertion into 
the new section 130 of the wellbore 100 and to minimise surge pressures on the 

15 new wellbore section 130. 

The fluid passage 240 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 210 and shoe 215* The fluid 
passage 240 is coupled to and positioned within the shoe 215 in fluidic 
communication with the interior region of the tubular member 210 below the 

20 expandable mandrel 205. Hie fluid passage 240 preferably has a cross-sectional 
shape that permits a plug, or other aimilar device, tobe placed in fluid passage 240 
to thereby block farther pa ssage of fluidic materials. In this manner, the interior 
region of the tubular member 210 be tow the expandable mandrel 205 can be 
fluidicly isolated from the region exterior to the tubular member 210. This permits 

25 the interior region of the tubular member 210 below the expandable mandrel 205 
to be pressurized. The fluid passage 240 is preferably positioned substantially 
along the centeriine of the apparatus 200. 

The fluid passage 240 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 

30 to 3,000 gallons/minute and 0 to 9,000 psi in order to optimally fill the annular 
region between the tubular member 210 and the new section 130 of the wellbore 
100 with fluidic materials. In a preferred embodiment, the fluid passage 240 
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id chides an inlet geometry that can receive m dart and/or a ball sealing member. 
In this manner, the fluid passage 240 (^baaaaledoff^mt^ucm^aphig, dart 
and/or ball sealing elements into the fluid passage 230. 

The seals 245 are coupled to and supported by an end portion 260 of the 
5 tubnlarmeniber210. ^ 
of the end portion 260 of the tubular member 210. Hie seals 245 permit the 
overlapping joint between the end portion 270 of the casing 115 and the portion 
26X) of the tubular memlw Tht seals 245 may comprise 

any number of conventional commercially available seals such as, for example, 
10 lead, rubber, Teflon 

th*pr*eentdiacbsure. In a preferred mnhndhnpn^ the seaU 245 are molded from 
Strataiockepo^ available from 

to optimally provide a load bearing interference fit between the end 260 of the 
tubular member 210 and the end 270 of the existing casing 115, 
15 In a preferred onbodiniei^ 

asuffidentfrictionalfbTO 

existing casing 116. In a preferred embodiment, the fricticmal force op timally 
provided by the seals 245 ranges from about 1,000 to 1,000,000 Ibf in order to 
optimally support the expanded tubular member 210. 

20 The support mgmbar 250 is rrmpW tnth* ~^i»/UM ? ^ nmfTTl gft 5> ^jy^ 

member 210, shoe 215, and seals 220 end 225. The support member 250 
preferably compriBes an annular member having sufficient strength to carry the 
apparatus 200 into the new section 130 of the weHbore 100. In a preferred 
ernb<>clmient F the support member 250 further mcludes one or more conventional 

25 cen tralizers (not Illustrated) to help staUHse the apparatus 200. 
^ a preferred enibo<nmen^ 
annular region above the expandable mandrel 205 within the interior of the 
tulnilar member 210. In this manner, the extrusta 

ofthe expandable mandrel 205 U facilitated The lubricant 275 may comprise any 
SO number conventional commerrialry available hibricants such as, for example, 
Lub riplat ft , chlnrine based lubricants, ofl baaed hAricantaor Oimax 1500 Antiaieze 
(3100). In a preferred emho i timen t, the hmricant 275 oomprlaes Climax 1500 



Antimexe (3100) available from Climax Lubricants and Equipment Co. in Houston, 
TX in order to optimally provide optimum lubrication to fadliate the expansion 

process. 

In a preferred embodiment, the support member 250 is thoroughly cleaned 
5 prior to assembly to the remaining portionBofthe apparatus 200. In this manner, 
the introdmt»f™ nf ftwwigw material into the apparatus 200 is minimized. This 
minimizes the possibility of foreign material cloggiugtte various flow 
valves of the apparatus 200. 

In n p r gfr rrH fm W^ before or pnsitjnnrn g the apparatus 200 
10 within the new section ISO of the weDbore 100, a couple of weflbore vohunes are 
circulated in order to (ensure that no foreign materials are located within the 
weDbore 100 that might clog up the various flow passages and valves of the 
apparatus 200 and to ensure that TO foreign material interferes with the expansion 
process. 

15 As illustrated in Fig. 3, the fluid passage 235 is then dosed and ahardpnahle 

fluidic se a lin g material 305 is then pumped from a surface location into the fluid 
pas&a^ 230, The material 305 then passes from the fluid passage 230 into the 
interior region 310 of the tubular member 2 10 below the expandable mandrel 205. 
The material 305 then passes from the interior region 310 into the fluid passage 

20 240. The material 305 then exits the apparatus 200 and fills the annular region 
315 between the exterior of the tubular 

new section 130 of the wellbore 100. Continued pumping of the material 305 
causes the material 305 to fill up at least a portion of the annular region 315. 

The material 305 is preferably pumped into the annular region 315 at 

25 pressures and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 
1,500 gaDonatain, respectively. The optimum flow rate and operating pressures 
vary as a function of the casing and wellbore sizes, wellbore section length, 
av ailab le pumping equipment, and fluid properties of the fluidic material being 
pumped. The optimum flow rate and operating pressure are preferably determined 

30 usi ng conventional empirical methods. 

The hardenable fluidic sealing material 305 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
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for example, slag mix, cement or ©poxy. In a preferred embodiment, the 
oardeaahle flmdxc sealing material 805 ftmmp^^ a blended cement prepared 
apedfixaGyferthepai^ 

Services in Dallas, TX in order to provide optimal stn^rt for tubular member 210 
5 while also mainta ining optimum flow characteristics so as to minimize difficulties 
during the displa ce ment of cement int heammlar region 315. The optimum blend 
of the blended cement is preferably determined using conventional empirical 
methods. 

The annular region 316 preferably is filled with the material 305 in 
10 sufficient q uantities to ensure that, upon radial t™-*™ ftftf™ tabular member 
210, the annular region815c^ 
with material 306. 

Ia a particularly prefer^ 
t hic kness and/br the outer diameter of the tubular member 210 is reduced in the 
16 region adjacent to the mandrel 206 m order optimal^ permit placement of the 
apparatus 200 in positions in the wellbore with tight clearances. Furthermore, in 
this manner, the initiation of the radial eipansion of the tubular member 210 
during the extrusion process is optimally facilitated. 

As illustrated in Fig. 4, once the annular region 3 16 has been adequately 
20 fiUed with material 305, aphig 405,^ 

fluid passage 240 thereby fluidity isolating the interior region 310 from the 
amrulax region 315. In a preferred embodnuent, a non-hard 
306 is then pumped into the interior region 310 causing the interior region to 
pressurise. In this manner, the interior of the expanded tubular member 210 will 
25 not contain rfgnffirsnt amounts of cnredmaterial 305, This reduces and siii^lin» 
the cost ofthe entire process. Atteniattadry, the material 305 may be used during 
this phase of the process. 

Once the interior region 310 becomes sufficiently pressurised, <V tat ™if"- 
member 210 is extruded off of the expandable fnairdrel 206. During the extrusion 
30 prtx»s,theeipandabbmaiidrel205 

the tubular member 210. In a preferred embodiment, during the extrusion 
process, the mandnd 206 is raised at ap^ 
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member 210 is «Tp»yulmA m order to keep the tubular member 210 stationary 
relative to the new wdlbore section 130. In an alternative preferred embodiment, 
thoOTtmgiflTT pmrffff fcr^T™™™"^ With tItAtaihiilarpiember 21 Qpoationgd above 
the bottom of the new weHbore section 130, keeping the mandrel 205 stationary, 
5 and allowing the tabular member 210 to extrude off of the mandrel 205 and fall 
down the new wellbore section 130 under the force of gravity* 

The plug 405 is preferably placed into the fluid passage 240 by introducing 
the plug 405 into the fluid passage 230 at a surface location in a conventional 
manner. The plug 405 preferably acta to fhndicly isolate the hardenable fluidk 
10 f*H"ff TPfltf* 4 ** Sfl* from the hard^nahlfl fhridie material 306. 

The plug 405 may comprise any number of cunvCT t k m al commerdauy 
j» vjifl«>i 1fl A*™** frnm pmggingafhiid passage such as. for example.Mnltiple Stage 
Cementer (MSO latch-down phig, Omega latch-down plug or three-wiper latch- 
down plug modified in accordance with the teachings of the present disclosure. In 
15 a preferred embodim^ 

from Halliburton Energy Services in Dallas, TX. 

Alter placement of the plug 405 in the fluid passage 240, a non hardenable 
fluidic material 306 is preferably pumped into the interior region 3 10 at pressures 
and flow rates rangmg, for exampte^ psiandSO 
20 to 4,000 gallona/min. In this manner, the amount of hardenable fluidic sealing 
material wi thin the interior 310 of the tubular member 2 10 is mmfmlird In a 
preferred enibodiment, after placement of the plug 405 in the fluid passage 240, 
the non hardenable material 30 6 is preferably pumped into the interior region 3 10 
at pressures and flow rates ranging from approximately 500 to 9,000 psi and 40 to 
25 3.000 gal lon s /min fa nrrfgr tn mfmmire the extrusion speed* 

In a pref erred embodiment, the apparatus 200 is adapted to minimis e 
tensile, burst, and friction effects upon the tubular member 210 during the 
expansion process. These effects win be depend upon the geometry of the 
expansion mandrel 205, the material composition of the tabular member 210 and 
30 expansion m and rel 205, the inner diameter of the tubular member 210, the wall 
thi<«4m a«e of t>w> tnhnlar member 210, the type of h&rkant. and the yield strength 
of the tubular member 210. In general, the thicker the waUthickneas, the smaller 
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the inner diameter, and the greater the yield strength of the tubular member 210, 
then the greater the operating preaaures required to extrude the tubular niember 
210 off of the mandrel 205. 

For typical tubular members 210, the extrusion of the tubular member 210 
5 offofthefapt n rt flhlpm fl Ti d r el^ 
S10 reaches, for example, approximately 600 to 9,000 pei. 

During the extrusion process, the expandable mandrel 205 may be raised 
out of the expanded portion of the tubular member 210 at rates ranging, for 
example, from BboutOtoBfVsec. In a preferred enibodiinent, A 
10 process, the expandable man d r el 206 ia raised out of the expanded portion of the 
tdnusr member 210atrstes 
the tmie required mr t^ 
the expansion process. 

When the end portion 260 of the tubuhu-member 210 is extruded off of the 
16 expandable mandrel 206, the outer surface 266 of the end portion 260 of the 
tubular member 210 will preferabfr contaet the mterior surface 410 of th^ 
portion 270 of the casing 115 to form an fhiid tight (wlappingjoint. The contact 
pressure of the overlapping joint may range, for example, from approximately 60 
to 20,000 pai. In a preferred emb o diment , the contact pressure of the overlapping 
20 joiiit ranges lrom aimroxim^ 

pressure to activate the annular sealing members 246 and optimally provide 
reaisteiico to axial motion to acconn^ 

The overlappingjoint between the section 410of the exiatingcasing 115 and 
theseetton265oftheexpandedtabulw^ 
26 and fluidic seal In a pextinilarly preferred embodn^ 
optbna%|m>vida a fluidic an^ 

mapreieri!edembi)diment, 
bardenahIefhiidicinaterM306iscn^^ 

mandrel 205 reaches the end portion 2W of the tulmlar membCT In this 
30 manner, the sudden release of Iireesure cmised by the complete ex^ 

tubular member 210 off of the expondabtema^ Ina 
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preferred embodiment, the operating pressure is reduced in a substantially linear 
fashion from 100% to about 10% during the eiuioftheextniskmpnxessbegmri^ 
when the mandrel 205 is within about 6 feet from completion of the extrusion 
process. 

5 Alternatively, or in combination, a chock absorber is provided in the support 

member 250 in order to absorb the shock caused by the sudden release of pressure. 
The shock absorber may comprise, for example, any conventional commercially 
available shock absorber adapted for use in wellbore operations. 

Alternatively, or in combination, a mandrel catching structure is provided 

10 in the end portion 260 of the tubular member 210 in order to catch or at least 
decelerate the mandrel 205. 

Once the extrusion process is completed, the expandable mandrel 205 is 
removed from the wellbore 100. In a preferred embodiment, either before or after 
the removal of the expandable mandrel 205, the integrity of the fluidic seal of the 

15 overlapping joint between the upper portion 260 of the tubular member 210 and 
the lower portion 270 of the casing 116 is tested using conventional methods. 

If the Ouidic seal of the overlapping joint between the upper portion 260 of 
the tubular member 210 and the lower portion 270 of the casing 115 is satisfactory, 
then any uncured portion of the material 305 withm the e^mnded tubular member 

20 2 1 0 is then removed in a conventional manner such as , for example, circulating the 
uncured material out of the interior of the expanded tubular member 210. The 
mandrel 205 fa then pulled out of the wellbore section 130 and a drill bit or mill is 
used in combination with a conventional drilling assembly 505 to drill out any 
hardened material 305 within the tubular member 2 10. The material 305 within 

25 the annular region 315 is then allowed to cure. 

As illustrated in Fig. 6, preferably any remaining cured material 305 within 
the interior of the expanded tubular member 210 is then removed in a 
conventional manner using a conventional drill string 505. The resulting new 
section of casing 510 includes the expended tubular member 210 and an outer 

30 annular layer 516 of cured material 305. The bottom portion of the apparatus 200 
comprising the shoe 215 and dart 406 may then be removed by drilling out the 
shoe 215 and dart 405 using conventional drilling methods. 
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In a preferred embodiment, as illustrated in Fig. 6, the upper portion 260 
of the tabular member 210 includes one or more sealing members 605 and one or 
more pressure relief holes 610. In this manner, the overlapping joint between the 
lower portion 270 of the casing 116 and the upper portion 260 of the tubular 
5 member 210 is pressure-tight and the pressure on the interior and exterior 
surfaces of the tubular member 210 is equahxed daring the extrusion process. 

In a preferred embodiment, the sealing members 605 are seated within 
recesses 615 formed in the outer surface 265 of the upper portion 260 of the 
tubular member 210. In an alternative preferred embodiment, the sealing 
10 nienibereoTO are bondedttmolded onto 

260 of the tubular member 210. The pressure relief boles 610 are preferably 
positioned in the last few feet of the tubular member 210. The pressure relief 
boles reduce the operating pressures reouired to expand the upper portion 260 of 
the tubular member 210. This reduction in required operating pressure in turn 
15 reduces the velocity of the mandrel 205 upon the completion of the extrusion 
process. This reduction in velocity fa t»m« mmimises the Thftnte al »*»wlt to *b" 
entire apparatus 200 upon the completion of the extrusion process. 

Referring now to Pig. 7, a particularly preferred embodiment of an 
apparatus 700 for forming a easing within a weUboxe preferably includes an 
20 expandable mandrel ox pig 705, an expandable mandrel or pig container 710, a 
tubular member 715, afloat shoe 720, a lower cup seal 725, an upper cup seal 730, 
a fluid ps wrmge 735, a fluid passage 740, a support member 745, a body of lubricant 
760, an overshot connection 765, another support member 760, and a stabilizer 
765. 

25 The e xpandabl e mandrel 705 is coupled to and supported by the support 
member746. Theexrauyiabteiwmdrel 705 isft^^ 

inandrel container 710. The expandable mandrel 705 is preferably adapted to 
controDably expand in a radial direction. The expandable mandrel 705 may 
comprise any number of conventional co 
30 modifledtoaccordancewithtte In a preferred 

embodiment, the expandable mandrel 706 annprises . hydraulic expansion tool 
substantially as disclosed in Pat No. 5,343,095, the contents of which are 
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incorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

The expandable mandrel container 710 is coupled to and supported by the 
support member 745. The expandable mandrel container 710 is further coupled 
5 to the expandab le mandrel 705. The expandable mandrel container 710 may be 
constructed from any number of conventional commercially available materials 
such as, for example, Oilfield Country Tubular Goods, stainless steel, titanium or 
high strength steels. In a preferred embodiment, the e x pandab le mandrel 
container 710 is fabricated from material having a greater strength than the 

10 material from which the tubular member 716 is fabricated. In this mannas*, the 
container 710 can be fabricated from a tubular material having a thinner wall 
thickness than the tubular member 210. This permits the container 710 to pass 
through tight clearances thereby facflitating its placement within the weDbore. 
In a preferred embodiment, once the expansion process begins, and the 

15 thicker, lower strength material of the tubular member 715 is expanded, the 
outside diameter of the tubular member 7 15 is greater than the outside diameter 
of the container 710. 

The tubular member 715 is coupled to and supported by the expandable 
mandrel 705. The tubular member 715 is preferably expanded in the radial 

20 direction and extruded off of the expandable mandrel 705 substantially as 
described above with reference to figs. 1-6. The tubular member 715 may be 
fabricated from any number of materials such as, for example, Oilfield Country 
Tubular Goods (OCTG), automotive grade steel or plastics. In a preferred 
embodiment, the tubular member 715 is fabricated from OCTG. 

25 In a preferred embodiment, the tubular member 715 has a substantially 

annular cross-section. In a particularly preferred embodiment, the tubular 
member 715 has a s ubstantially circular annular cross* section. 

The tubular member 715 preferably includes an upper section 805, an 
intermediate section 810, and a lower section 815. The upper section 805 of the 

30 tubular member 715 preferably is defined by the region beginning in the vicinity 
of the mandrel container 710 and ending with the top section 820 of the tubular 
member 715. The intermediate section 810 of the tubular member 716 is 
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preferably defined by the region beginning in the viciiiirytf 
container 710 and ending with the region in the vicinity of the mandrel 705. The 
lower section of the tubular member 715 is preferably defined by the region 
beginning in the vicinity of the mandrel 70S and ending at the bottom 825 of the 
5 tubular member 715. 

In a preferred embodiment^ the wall thickness of the upper section 605 of 
the tubular member 7 1 5 is greater than the wall thicknesses of the intermediate 
and lower sections 810 and 815 of the tabular member 715 in order to optimally 
faeffiate the initiation of ^ 
10 700 to be positioned in locations m 

The outer diameter and wall thickness of the upper section 806 of the 
tubular member 715 may range, for example, from about 1.05 to 48 inches and ^ 
to2inches,req?ectrvery. In a p re f erred embodiment, the outer diameter and wall 
thickness of the upper section 805 of the tutoilar 
15 to 16 inches and #8 to 1.5 inches, respective^. 

The outer diameter and wall thickness of the intermediate section 8 10 of the 
tubular member 7 15 may range, for example, from about 2-5 to 50 inches and 1/16 
to 1.5 inches, respectively. In a preferred embodiment* the outer diameter and 
wall thickness of the uitermediate section 810 of the tubular member 715 range 
20 from about 3.5 to 19 inches and 1/8 to U25 inches, respectively. 

The outer diameter and wall thickness of the lower section 815 of the 
tubular mernr^ 715 may range, for 

to 1.26 inches, respectively. In a preferred embodiment, the outer diame ter and 
wall thic kness of the lower section 810 of the tubular member 715 range from 

25 about 3.5 to 19 inches and 1/8 to 1.25 inches, respectively. In a particularly 
preferred enibc)diment, the wall thickness of the tower section 8 16 of the tubular 
member 715 is further increased to increase the strength of the shoe 720 when 
drillable materials g«A fay example, p frwwfn^ anr used. 
The tubular member 715 preferably comprise 

30 a preferred embodiment, the end portion 820 of the tabular member 715 is slotted, 
perforated, ox otherwise m o d i fi ed to catch or slow down the mandrel 705 when it 
completes the extrusion of tubular member 716. In a preferred embo diment , the 
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length of the tubular member 7 1 S ia limited minim jgg ♦>»«> posaOnli ty ofbudding. 
For typical tubular member 715 materials, the length of the tubular member 715 
is preferably limited to between about 40 to 20,000 feet in length. 

The shoe 720 ia coupled to the expandable mandrel 705 and the tubular 
5 member 715. The shoe 720 includes the fluid passage 740. In a preferred 
embodiment, the shoe 720 further includes en inlet passage 6^ 
jet ports 835. In a particularity preferred embodiment, the croawecBonal shape 
of the inlet passage 830 ia adapted to receive a latch-down dart, or other similar 
e lement ^ for blocking the inlet paasage 830. The interior of the shoe 720 

10 preferably includes a body of solid material 840 far increasing the strength of the 
shoe 720. In a particularly preferred embodiment, the body of solid material B40 
comprises aluminum. 

The shoe 720 may comprise any number of conventional commercially 
available shoes such as, for example, Super Seal II Down-Jet float shoe, or guide 

15 shoe with a sealing sleeve for a latch down phig modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 720 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, TX, modified in 
accordance with the teachings of the present disclosure, in order to optimize 

20 guiding the tubular memb 

tubular member 716 and an existing wellboi* casing, and toopt^^ 

removal of the shoe 720 by drilling it out after completion of the extrusion process. 

The lower cup seal 725 is coupled to and supported by the support member 
745. The lower cup seal 725 prevents foreign materials from entering the interior 

25 region of the tubular member 715 above the expendable mandrel 706. The lower 
cup seal 725 may comprise any number of con v e n tional commercially available cup 
seals such ea, for example, TP cups or Selective Injection Packer (SIP) cups 
modified in accordance with the teachings of the present disclosure. In a preferred 
embodiment, the lower cup seal 725 comprises a SIP cop, available from 

30 Halliburton Energy Services in Dallas, TX in order to optimally provide a debris 
barrier and hold a body of lubricant 
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The upper cup seal 730 is coupled to and supported by the support member 
760. The uj^ cup seal 730 prevents foreign ma^ 

region of the tubular member 716. The upper cup seal 730 may comprise axy 
number of conventional commercially available cup seals such as, lor example, TP 
5 cups or Selective Iqjectkra Packer (SIP) cup modified in accordance with the 
teachings crfthe present diacksure. In aproferxed embodiment, the u^ 
730 am^risee a SIP ct^ avails 

in order to optimally provide a debris Iwrriar and contain a bo<|y of hwr^ 

The fluid passage 735 permits flnidic materials to be transported to and 
10 from the interior 

70S. The fluid passage 735 is ftaidicfrcom?W Thefluid 
passage 736 is prefi^^ coupled to 

760, the support member 746, the mandrel container 710, and the amendable 
mandrel 705. The fluid passa^ 735 prefenmfr extend 
16 to the surface to the bottom of the ftxprnifable mandrel 705. The fluid passage 735 
is preferably positioned along a centerline of the apparatus 700. The fluid passage 
73 5 is preferably sel ected to transport materials such as cement, drilling mud or 
epoxies at flow rates and pressures ranging from about 40 tn 3,000 gallonafainnte 
and 500 to 9,000 pei in order to provide suffioentoperatmgra^ssures to extrude 
20 the tubular member 715 off of ttie expandable mandrel 705. 

As described above with reference to Pigs. 1*6, daring placement of the 
Apparatus 700 within a new section of a wetfbore, fluklic materials forced up the 
fluid passage 736 can be released in to the weDbore above the tubular member 715. 
In a preferred embodiment, the apparatus 700 farther includes a pressure release 
25 passage that is coupled to and positioned within the support number 260. The 
pressure release passage is further flm^ikiy coupled to the fhdd passage 735. The 
pressure release passage preferably includes a control valve for controllably 
opening and closing the fluid passage. In a preferred embodiment, the control 
valve is pressure activated in order to contrallahfrininmto «ttrgp prefigures The 
30 pressure release passage Up^^ 

centerline of the apparatus 700. Tb» pressure release passage is preferably 
selected to convey materials such as cement, drilling irmd or epoxies at flow rates 
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and pressures ranging from about 0 to 500 gallons/minute and 0 to 1,000 psi in 
order to reduce the drag on the apparatus 700 during insertion in to a new section 
of a wellbore and to mfrift"™ surge pressures on the new weDbore section. 

The Quid passage 740 permits fluidic materials to be transported to and 
6 from the region exterior to the tubular member 715. The fluid passage 740 is 
preferably coupled to and positioned within the shoe 720 in fluidk commnnfcatton 
with the interior region of the tubular member 715 below the expandable mandrel 
705. The fluid passage 740 preferably has a cross-sectional shape that permits a 
ping, or othgsimflar device, to he placed in the miet 830 of the fhiid passage 740 

10 to thereby block further passage of fluidie materials. In this manner, the interior 
region of the tubular member 715 below the expandable mandrel 705 can be 
optimally fluidicfr isolated from the region exterior to the tubular member 715. 
This permits the Interior region of the tubular member 715 below the expandable 
mandrel 205 to be pressurized. 

15 The fluid passage 740 is preferably positioned substantially along the 

centerline of the apparatus 700. The fluid passage 740 is preferably selected to 
convey materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gaUons/minute and 0 to 9,000 psi in order 
to optimally fill an annular region between the tabular member 715 and a new 

20 section of a weDbore with fluidk materials. In a preferred embodiment, the fluid 
passage 740 includes an inlet passage 830 having a geometry that can receive a 
dart and/or a ball sealing member. In this manner, the fluid passage 240 can be 
sealed off by introducing a phig, dart and/or ball sealing elements into the fluid 
passage 230. 

25 In a prefer red embodiment, the apparatus 700 fother m c h ideacneormore 

seals 845 coupled to and supported by the end portion 820 of the tubular member 
715. The seals 845 are further positioned on an outer surface of the end portion 
820 of the tubular member 715. The seals 845 permit the overlapping joint 
between an end portion of preexisting casing and the end portion 820 of the 

30 tubular member 715 to be fluidicry sealed. The seals 845 may comprise any 
number of conventional commercially available seals such as, for example, lead, 
rubber, Teflon, or epoxy seals modified In accordance with the t eachings of the 



present disclosure. In a preferred embodiment, the seals 845 comprise seals 
molded from StrataLock epoxy available from Halliburton Energy Services in 
Dallas, TX in order to optfanatty provide a hydraulic seal and a load bearing 
interference fit in the overlapping joint between the tubular member 715 and an 
5 existing casing with optimal Load bearing canacitv to snpport the tiihnlnr m^K^ 
715. 

In a preferred embodinient, the seals 845 are ee^ 
frtctional force to support the expanded tabular member 715 from the existing 
casing. In a preferred Embodiment, the frictions! force provided by the seals 845 
10 ranges from about 1*000 to 1,000,000 Ibf in order to optimally support the 
expanded tabular member 716. 

The support member 745 is preferably coupled to the expandable mandrel 
705 and the overshot connection 755. The support member 745 preferably 
comprises an annular member having sufficient strength to carry the apparatus 

16 700intoaiiBwse<lionoftwelIbore, The support member 746 may comprise any 
number of conventional commercially available support members such as, for 
example, steel drill pipe , coiled tubing or other high strength tubular modified in 
accordance with the teanhrngB of the present disclosure. In a preferred 
embodiment, the support member 745 comprises conventional drill pipe available 

20 from various steel mills in the United States. 

In a preferred embodiment, a body of lubricant 750 is provided in the 
annular region above the expim riahle mandrel container 710 within the interior of 
the tubular member 715. In this maniiar, the extrusion of tn^ 
off of the expandable mandrel 705 is facilitated. The hzhrkant 705 may comprise 

25 any number of conventional commercially available lubricants such as, for 
example, Lubriplate, chlorine based lubricants, otD based lubricants, or Climax 
1500 Antisiese (3100). In a preferred enibodiment, the lubricant 750 txunprises 
Climax 1500 Antisiexe (8100) available from HalKburton Energy Services in 
Houston, 121 in order to optimally provide lubrication to fadliate the extrusion 

30 process. 

The overshot connection 765 is coupled to the support member 745 snd the 
support member760. The overshot omnectira 
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member 745 to be removably coupled to the support member 760. The overshot 
connection 755 may comprise any number of conventional comm ercially available 
overshot connections such as, for example, Innentring Sealing Adapter, 
Innerstring Flat-Face Sealing Adapter ox EZ Drill Setting Tool Stinger. In a 
5 preferred embodiment, the overshot connection 755 comprises a Innerstring 
Adapter with an Upper Guide available from Halliburton Energy Services in 
Dallas, TX. 

The support member 760 is preferably coupled to the overshot connection 
755 and a surface support Btructure (not fflnstrated). The support member 760 

10 preferably comprises an annular member having s ufficient strength to carry the 
apparatus 700 Into anew section of a weDbore. The support member 760 may 
comprise any number of conventional commercially available support members 
such as, for cte—pK steel drill pipe, coiled tubing or other high strength tabulars 
modifiedinacooxo^ncewithtto In a preferred 

15 emb«imient,thesuKX)rtm 

&om steel mills in the United States, 

The stabilizer 765 is preferably coupled to the support member 760. The 
stabilizer 765 also preferably stabilizes the components of the apparatus 700 
within the tubular member 715. The stabilizer 766 preferably comprises a 

20 spherical member having an outside diameter that is about 80 to 99* of the 
interior diameter of the tubular member 715 in order to optimally minimize 
buckling of the tubular member 715. The stabilizer 765 may comprise any number 
of conventional commercially available stabilizers such as, for example, EZ Drill 
Star GuMes, packer shoes or dragM 

25 of the present disclosure. In a preferred embodiment, the stabflizer 765 comprises 
a sealing adapter upper guide available bom Halliburton Energy Services in 
Dallas, TX 

In a preferred embodiment, the support inembera 745 and 760 are 
thoroughly cleaned prior to assembly to the remaining portions of the apparatus 
30 700. In this manner, the introduction tf^ 

is minimized This minimizes the possibility of foreign material clogging the 
various flow passages and valves of the apparatus 700. 
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In a preferred embodiment, before or after positioning the apparatus 700 
within a new section of a wellbore, a couple of weUbore volumes are circulated 
through the various flow-passages of the apparatus 700 in onier to ensure that no 
foreign materials are located within the weUbore that might clog up the various 
5 flow passages and valves of the apparatus 700 and to ensure that no foreign 
material interferes with the «^n«kmniand^7u^duTmgthBeipan8ionproce8S. 

In a preferred emlxxhrneiit, the apparatus 700 is operated substantially as 
described above with reference to Figs. 1-7 to form a new section of casing within 
a wellbore. 

10 Asimistratedmf^8.manaltRrniiU WWil iMfi...«,T nw .K~<; — nt, the method 
and apparatus described herein is used to repair an existing welDxrecastog 805 
by forming a tubular liner 810 inside of the existing wellbore r»«in g 805. In a 
preferred embodiment, an outer annular lining of cement is not provided in the 
repaired section. In the alternative p r efer r e d embodiment, any number of fluidk 
16 materials <m be used to expand the tubu^ 

the damaged section of the weUbore casing such as, for example, cement, epoxy, 
slag mix, or drilling mud, In the alternative preferred embodiment, sealing 
members 816 are preferably provided at bothends of the tubular meinb^ 
tooptiiiiallypnmaeaflnidiceeaL In an alternative preferred embodiment, the 
20 tubular liner 810 is termed within ahorisontalb/pceitkped pipeline section, such 
as those used to transport bydrwarbo^ 

in an overlapping relationship with the adjacent pipeline section. In this manner, 
underground pipelines can be repaired witb^ 
damaged sections. 

25 In another alternative preferred embodiment, the method and apparatus 

described hereto is used to directryu^ In a 

^^^pmhoHlm«mt,anouterannnlaraningofcem 

the tubular linerBlO and the wellbore. In the altern ati v e pre fer r e d embodiment, 

any number of fluidk materials can be used to 
30 mtinmto contact with the wellbore such as^ epoxy, alag mix, 

or drilling mud. 
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Referring now to Figs. 9, 9a, 9b and 9c, a preferred embodiment of an 
apparatus 900 for forming a weQbore casing includes an expandable tubular 
member 902, a support memte 

908. In a preferred embodiment, the design and construction of the mandrel 906 
5 and shoe 908 perautsea^reim In this 

manner, the assembly 900 can be easily removed from a wellbore using a 
conventional drilling apparatus and corresponding drilling methods. 

The expendible tubular member 902 preferably fa dudes an upper portion 
910, an intermediate portion 912 and a lower portion 914- During operation of the 
10 apparatus 900, the tubular member 902 is preferBbtyextnid^offof tlienianb^ 
906 by pressurising an interior region 966 of the tubular member 902. The 
tubular member 902 preferably has a substantially annular cross-eectian- 

In ft particularly p re fe r™** embodiment, an expandable tabular member 915 
is coupled to the upper portion 910of the expandable tubular member 902. During 
16 operation of the apparatus 900, the tubiilar member 915^ 
of the mandrel 906 by pressurising the in^ 
902. Thetubularmeinber915pref 

In a preferred embodiment, the wall thickness of the tubular member 915 is 
greater than the wall thickness of the tubular member 902, 

20 The tubular member 915 may be fabricated from any number of 
conventional commercially available materials audi as, for example, oilfield 
tubulars, low alloy steels, titanium or stainless steels. In a preferred embodiment, 
the tubular member 916 is fabricated from oilfield tubulars in order to optimally 
provide approximately the same mechanical properties as the tubular member 902 . 

25 In a particularly preferred embo 

point ranging from about 40,000 to 135,000 psi in order to optimally provide 
approximately the same yield properties as the tubular men The tubular 

memb er 915 may comprise a plurality of tubular members coupled end to end. 
In a pr e fer red embodiment, the upper end portion of the tubular member 

30 915 mcmdes one or more sealing members for optimally providing 
gaseous seal with an existing sectioiiof weSbtsracasm^ 
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In a preferred embodiment, the combined length of the tabular members 
902 and 915 are limited to minimize the possibility oflmckhng. For typical tubular 
member matfrin la, the combined length of the tubular members 902 and 915 are 
limited to between about 40 to 20,000 feet in length. 
5 The lower portion 914 of the tubular member 902 is preferably coupled to 

the shod 908 hy a. threaded connection 968. The intermediate portion 912 of the 
tubular member 902 preferably is placed in intimate eliding contact with the 
mandrel 906. 

The tubular member 902 may be fabricated from any number of 
10 conventional cominerriafly available natariala audi em, for example, oilfield 
tubular* km alloy steely fn a preferred embodiment, 

the tabular member 902 is fabricated from aflfield tubular* in order to optimally 
provide approximately the same mechanical properti es aa the tubular member 916, 
In a partinilarly preferred embodiment, the tubular member 902 has aplastic yield 
15 point ranging from about 40,000 to 135,000 pal in order to optimally provide 
approximately the same yield properties as the tubular member 915. 

The wall thickness of the upper, intermediate, and lower portions, 910, 912 
and 9 14 of the tubular member 902 may range, for example, from about 1A6 to 1.6 
inches. In a preferred embodiment, the ™" ♦K^fcn>w> ffP «f the "pp*-, <™tfn"» d i flK 
20 and lower portkma, 910, 912 and 9l4oft^ 

V8 to U25 in order to optimally provide ^r^nm ^ *h m it sam e *« 
the tubular member 915. In a preferred embodiment, the wall thirlm^ of the 
lower portion 9 14 iB less than or equal to the wall thickness of the upper portion 
910 in order to optimally provide a geometry that will fit into tight clearances 
25 downhole. 

The enter diameter of the upper, intermediate, and lower portions, 910, 912 
and 914 of the tubular member 902 may range, for example, from about 1.05 to 48 
inches. In a preferred embodhne^ 

and lower portions, 910. 912 and 914 of the tubular member 902 range from about 
30 3 V* to 19 inches in order to optimally provide the ability to expand the most 
commonly used oilfield tubulam 
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The length of the tubular member 902 is preferably limited to between 
about 2 to 5 feet in order to optimally provide enough length to contain the 
mandrel 906 and a body of lubricant 

The tubular member 902 may comprise any number of conventional 
5 commercially available tabular members modified in accordance with the t eachings 
of the present disclosure. In a preferred embodiment, the tubular member 902 
ccmipriflesOiffieldCo^ 

The tubular member 915 may comprise any number of conventional c ommer cially 
available tubular members modified in accordance with the teachings of the 

10 present disclosure. In a preferred cmboriiinfmt, the tubular member 916 cumin isea 
Oilfield Country Tubular Goods available from varknw Ufl. steel milk. 

The various elements of the tubular member 902 may be coupled using any 
number of conventional process such as, for example! threaded connections, 
welding or machined from one piece. In a preferred embodiment, the various 

15 elements of the tubular member 902 are coupled using welding. The tubular 
member 902 may comprise aplurality of tubular deinents that are coimiedw^ to 
end. The various element* of the tubular member 916 may be coupled using any 
number of conventional process such as, for example, threaded connections, 
welding or machined from one piece. In a preferred embodiment, the various 

20 yi™*™** of the tubular member 915 are coupled using welding. The tubular 
member 915 may comprise a ptarality of tubular d 

end. The tubular members 902 and 915 may be coupled using any number of 
conventional process such as, for example, threaded connections, welding or 
machined from one piece. 

25 The support member 904 preferably includes an innerstring adapter 916, 
a fluid passage 918, an upper guide 920, and a coupBng922. During operation of 
the apparatus 900, the support member 904 preferably suimortatta 
during movement of the apparatus 900 within a wellbore. The support member 
904 preferably has a substantially annular cross-section. 

30 The support member 904 may be fabrimtad from any number of 
conventional commercially available materials such as, for crumple, oilfield 
tubulars, low alloy steel, coiled tubing or stainless steel In a preferred 
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embodiment, the support member 904 is fabricated ftom low alloy steel in order 
to optimally provide high yirfd strength. 

The innerstring adaptor 916 preferably is coupled to and supported by a 
conventional drill string support from a surface location. The innerstring adaptor 
5 916 may be coupled to a conventional drill string support 971 by a threaded 
connection 970. 

The fluid passage 918ispreftr^ 
to and from the apparatus 900. In a preferred embodiment, the fluid passage 918 
is fluididy coupled to the fluid passage 952. In a preferred embodiment, the fluid 
10 passage 918 is nasd to convey hardanable flmrifr sealing materials to and from the 
apparstus900. In a particularly prefimedemb 

include one or more pressure relief passages (not illustrated) to release fluid 
pressure duringpositioningof the appawtusWO within a weHbore, In a preferred 
embodiment, the fluid passage 918 is positioned alonga longitudinal centeriine of 
15 the apparatus 900. In a preferred embodiment, the fluid passage 918 is selected 
to permit the conveyance of hardenabk fluktic materials at operating pressures 
ranging from about 0 to 9,000 psL 

The upper guide 920 is coupled to an upper portion ofthe support member 
904. The upper guide 920 prefer^ 
20 within the tubular member 915. The upper guide 920 may comprise any n umber 
of conventional guide members modified in arrnrdanoa with the tA^Hn gfl of the 
present disclosure. In a preferred embodiment, the upper guide 920 comprises an 
innerstring adapter available from Halliburton Energy Services in Dallas, TX order 
to optimally guide the apparatus 900 within the tubular member 915. 
25 The coupling 922 couples tlie support member 904 to the mandrel 906. The 
coupling 922 preferably comprises a conventional threaded connection. 

The various elements of the support member 904 may be coupled using any 
number of conventional processes such as, for example, welding, threaded 
connections car machine d from one piece. In a preferred embodiment, the various 
80 elements of the support member 904 are coupled using threaded connections, 

The mandrel 906 preferably tadndesazet«iiierfl24 9 arubbaraq>92B # an 
eapanaion rone 928,alower cone retains 



934, an extension aleeve 936, a spacer 938, a housing 940, a renling sleeve 942, mn 
upper cone retainer 944, a lubricator mandrel 946, a lubricator sleeve 948, a guide 
960, and a fluid passage 952. 

The retainer 924 is coupled to the hibrka tor mandrel 946, hibricatoriieeve 
5 948, and the rubber cup 926 . The retainer 924 couples the rubber cup 926 to the 
lubricator sleeve 948. The retainer 924 preferably has a substantially annular 
cross-section. The retainer 924 may comprise any number of conventional 
commercially available retainers such as, for example, slotted spring pins or roll 
pin 

10 The rubber cup 926 1b coupled to the retainer 924, the lubricator mandrel 
946, and the lubricator sleeve 948. The rubber cap 926 prevents the entry of 
foreign ^«^»ri«l« *n*/» the fatprinr region 072 of the tubular member 902 below the 
rubber cup 926. Th e rubber cup 926 may comprise any number of conventional 
commercially available rubber cups such as, for example, TP cups or Selective 

15 Injection Packer (SIP) cup. In a prefer red embodiment, the rubber cup 926 
comprises a SIP cup available from Halliburton Energy Services in Dallas, TX in 
order to optimally block foreign materials 

In a particularly preferred embodiment, a body of lubricant is farther 
provided in the interior region 972 of the tubular member 902 in order to lubricate 

20 the interface between the exterior surface of the mandrel 902 and the interior 
surface of the tubular members 902 and 915. The lubricant may comprise any 
number of conventional commercially available lubricants such as, for example, 
Lubriplate, chlorine based lubricants, oil baaed lubricants or Climax 1500 Antiaeize 
(3100). In a preferred embodiment, 

25 (3100) available from Climax Lubricants and Equipment Co. in Houston, TK in 
order to optimally provide lubrication to fadliate the extrusion process. 

The expansion cone 928 is coupled to thelovOTConaretamar930,thebo4y 
of cement 932, the lower guide 934, the extension sleeve 936, the housing 940, and 
the upper cone retainer 944. In a preferred embodiment, during operation of the 

30 apparatus 900, the tubular members 902 and 916 are extruded off of the outer 
surface of the expansion cone 928. In a preferred embodiment, axial movement 
of the expansion cone 928 is prevented by the lc^cc^ retainer 930, hcusmg^ 
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and the upper cone retainer 944, Inner radial movement of the expansion cone 
928 is prevented by the body of cement 932, the housing 940, and the upper cone 
retainer 944. 

The eaqpanainn com 92fl preferably h«« a «iWjmti«lfr taartioru 
5 The outside diameter of the expansion cone 928 is preferably tapered to provide 
a cone shape. The wall t hi c k ness of the expansion cone 928 may range, for 
example, from about 0.125 to 3 inches. In a preferred embodiment, the wall 
t hickness of the expansion cone 928 ranges from about 0^ to 0^5 inches m order 
to optimally provide adequate compressive strength with wm^ fl i material. The 
10 maximimi and minimum ottt^ cone 928 may range, 

for example, from about 1 to 47 inches. In a preferred embodiment, th« mugWiTn 
and minimum outside diameters of the expansion cone 928 range from about 3.5 
to 19 inc^er to oiitnxialbr proving 

The FTpanmon cone 928 may be fabricated from any number of conventional 
15 commercially available materials such as, for example, ceramic, tool steel, titanium 
or low alloy steel In a preferred emhodmi pmt, the expansion cone 928 is fabricated 
from tool Btoel in order to optimally Provide bifl[h strength and ahrairfmi rreri stanrp 
The su rf ace hardness of the outer surface of the expanaton cone 928 may range, for 
example, from a^ In a preferred eznbodimen^ 

20 the surface h a rdn es s of the outer surface of the expansion cone 928 ranges from 
about 68 Rockwall C to 62 Rockwell C in order to optimally provide high yield 
strength. In a preferred emhndimmt the *rp*TwaTi i»otip 928 is heat treated to 
optimally provide a hard outer surface and a resOient interior body in order to 
optimally provide abrasion resistance and fracture toughness. 
25 The lower cone retainer 930 is coupled tn the «pn«f»f >n 9^8 « nd fch^ 

housing940. In a preferred embodiment, axial movement of the expansion cone 
928 is prevented by the tower cone retainer 930. Preferably, the lower cone 
retainer 930 has a substantially »mmiay cross-section* 

The lower cone retainer 930 may be fabricated from any number of 
30 conventional comnierciaQy available mate rials such as, for example, « mm»fr tool 
steel, titanium or low alloy steeL In a preferred embodiment, the lower cone 
retainer 930 is fabricated from tool steel in order to optimally provide high 
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gtrragth end r ^qto^^o The surface hardness afthe outer surface of the 

lower cone retainer 930 may range, for example, from about 50 Rockwell C to 70 
Rockwell C. In a preferred embodiment, the surface hardness of the outer surface 
of the lower cone retainer 930 ranges from about 68 Rockwell C to 62 Rockwell C 
5 m order to optimally prc^ride 

lower cone retainer 930 is heat treated to ciptimalry provide a hard outer surface 
and a resilient interior body in order to optimally provide abrasion resistance and 
fracture toughness. 

In a preftared embodiment 

10 coiie 928 ra formed sjmmiegr^ 

of components and tncrew tb^ The outer 

surface of the lower cone retainer 930 praferabfrniates with the inM 
the tubular members 902 and 915* 

lie body of cement 932 is positioned within the interior of the mandrel 906. 

15 The body of cement 932 provides an inner bearing structure for the mandrel 906. 
The body of cement 932 further may be ea&Hy drilled out using a conventional drill 
device. In this manner, the mandrel 906 may be easily removed using a 
conventional dr pl^g device. 

The body of cement 932 may comprise any number of conventional 

20 commercially available cement compounds. Alternatively, a l uminum, cast iron or 
some other drillahlo metallic, composite, or aggregate material may be substituted 
for cement The bodyof cement 932 preferabfrliasBsuhstm 
section. 

The lower guide 934 is coupled to the extension rieeve 936 and housing 940. 
26 Duriiig operation of the app 

the movement of the mandrel 906 within the tubular member 902. The lower 
guide 934 preferably has a substantially annular cross-section. 

The lower guide 934 may be fabricated from any number of conventional 
commercially available wiftfcAr*«i« guch as, for example, o i l fie l d tubulars, low alloy 
30 steel or stainless steeL In a preferred embodiment, the lower guide 934 is 
fabricated from low alloy steel in to optmialry provide bi^ 
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The outer surface of the lower guide 934 preferably mates with the inner surface 
of thfi tubular member 902 to provide a sliding fit 

The e xten s ion sleeve 936 is coupled to the lower guide 9M and the housing 
940. During operation of the apparatus 900, the extension sleeve 936 preferably 
5 helps guide the movement of the mandrel 906 within the tubular member 902. 
The extension sleeve 936 preferably has a subetantial^ annular croM-sectkm. 

The extension sleeve 936 may be fabricated from any number of 
conventional commercially available materials such as, for «™mp te oilfield 
tubulara, low alky steel or stainless steeL In a prefer r ed embodiment, the 
10 extension sieeve 936 is fabricated from 

high yield strength. The outer surface of the extension sleeve 936 preferably mates 
with the inner surface of the tubular member 902 to provide a tHding fit In a 
preferred embodiment, the extension steeve 936 and the lower guide 934 are 
formed as an integral one-piece element in order to minimize the number of 
15 components and increase the strength of the appara tus 

The spacer 938 is coupled to the sealing sleeve 942. The spacer 938 
preferably includes the fluid passage 952 and is adapted to mate with the extension 
tube 960 of the shoe 908. In this maimer, a plug or dart can be co^ 
surface through the fluid passages 918 and 9S2 into the fluid passage 962. 
20 Prafarabfr, the spacer 838 has s substantially annular eras-flection. 

The spacer 938 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum ox cast 
iron. In a preferred embodiment, the spacer 938 is febricated ft^ in 
order to optimally provide drillability. The end of the spacer 938 preferably mates 
25 with the end of the extension tube 960. In a preferred embodiment, the spacer 
938 and the seafr^gleeve 942 are formed as 

to reduce the number of components and increase the strength of the apparatus. 

The housing 940 is coupled to the lower guide 934, extension sleeve 936, 
expansion cone 928, body of cement 932, and lower cone retainer B30. During 
30 operation of the apparatus 9TO, the housn^ 

motion of the exjumskm cone 928. Preferably, the housing 940 has a substantially 
annular cross-eectkm. 
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The housing 940 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield tubulars, low alloy 
ateel or stainless steel In a preferred embodiment, the housing 940 is fabricated 
from low alloy steel in order to optimally provide high yield strength. In a 
5 preferred embodiment, the lower guide 934, extension sleeve 936 and housing 940 
are farmed as an integral one-piece element in order to miTtmrite the number of 
components and increase the strength of the apparatus. 

In a particularly preferred embodiment, the interior surface of the housing 
940 includes one or more protrusions to fedHate the connection between the 
10 housing 940 and the body of cement 932. 

The sealing sleeve 942 is coupled to the support member 904, the body of 
cement 932, the spacer 938, and the upper cone retainer 944. During operation of 
the apparatus, the sealing sleeve 942 preferably provides support for the mandrel 
906. The sealingsleeve 942 is preferably coupled to the support member 904 using 
15 the coupling 922. Preferably, the sealing deeve 942 has a substantial^ 
cross-section, 

The sealing sleeve 842 may he fabricated from any number of conventional 
commercially available materials such as, for example, steel, ahnninnm or cast 
iron. In a preferred embodiment, the sealing sleeve 942 is fabricated from 
20 ahminum in order to optimally provide drillability of the sealing ateeve 942 . 

In a particularly preferred embodiment, the outer surface of the sealing 
sleeve 942 indufe* "Tie nr more protrusions to facOiate the cooiiection between the 
sealing sleeve 942 and the bc4y of cement 932. 

In a particularly preferred embodiment^ the spacer 938 and the sealing 
25 sleeve 942 are integrally formed as a one-piece element in order to miiumii e the 
number of components. 

The upper cone retainer 944 is coupled to the expansion cone 928, the 
sealingsleeve942 f and the bc4y of cement 932. Durmg operation of the apparato 
900 , the upper cone retainer 944 preferably prevents axial motion of the expansion 
30 cone 928. Preferably, the upper cone retainer 944 has a substantially annular 
cross-section. 
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The upper cane retainer 944 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the upper cone retainer 944 
is fabricated from aluminum in order to optimally provide 
6 cone retainer 944. 

Inaparticulartynreferiri 
cxoss-eectkmal shape designed to provide increased rigidity. In a particularly 
preferred embodiment, the upper cone retainer 944 has a cross-sectional shape 
that is substantially I-shaped to provide increased rigidity and mirdmue the 
10 amount of material that would haw to be drilled out. 
Th* fabricate* mandrel 9tf 
926, the upper cone retainer 944, the lubricator sleeve 948, and the guide 950. 
During operation of the apparatus 900, the lubricator mandrel 946 preferably 
contains the body of lubricant in the annular region 972 for lubricating the 
15 interface between the mandrel 906 and the tabular member 902. Preferably, the 
lubricator mandrel 948 has a substantially «™™j« T cross-section. 

The lubricator mandrel 946 may be fabricated from any number of 
conventional commercially available mufr^fofff nich as, for example, steel, 
ahjminmn or cast iron. In ft preferred embodiment, the lubricator mandrel 946 is 
20 fabri cat ed from aluminum in order to optimally provide drukbuity of the 
lubricator mandrel 946. 

The lubricator sleeve 948 is coupled to the lubricator mandrel 946, the 
retainer 924, the rubber cup 926, the up 

948, and the guide 950. During operation of the apparatus 900, the lubricator 
25 sleeve 948 preferably supports the rubber cup 926. Preferably, the lubricator 

sleeve 948 has a substantiaUy annular oroa*-sectian. 

The lubricator sleeve 948 may be fabricated from any number of 

conventional commercially available materials such as, for example, steel, 

aluminum or cast iron. In a preferred embodiment, the lubricator sleeve 948 is 
30 fabricated from aluminum in order to opthnaBy provide disability of the 

lubricator sleeve 948. 
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As illustrated in Fig. 9c, the lubricator sleeve 948 is supported by the 
lubricator mandrel 946. The lubricator sleeve 948 in turn supports the rubber cup 
926. The retainer 924 couples the rubber cup 926 to the lubricator sleeve 948. In 
a preferred embodiment, seals 949a and 949b are provided between the lubricator 
5 mandrel 946, fabricator sleeve 948, and rubber cup 926 in order to optimally seal 
off the interior region 972 of the tubular member 902. 

The guide 950 is coupled to the lubricator mandrel 946 , the retainer 924 , 
and the lubricator sleeve 948. During operation of the apparatus 900 , the guide 
950 preferably guides the apparatus on the support member 904. Preferably , the 
10 guide 950 has a substantially annular ct^ 

The guide 950 may be fabricated from any number of conventional 
cununerciaUy available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the guide 950 is fabricated from aluminum 
order to optimally provide drillability of the guide 950. 
16 The fluid passage 952 is coupled to the mandrel During operation of 
the apparatus, the fluid passage 952 preferably conveys hardenable fluidic 
m aterials In a preferred embodiment, the fluid passage 952 is positioned about 
the centerline of the apparatus 900. In a particularly preferred embodiment, the 
Quid passage 952 is adapted to convey hardenable fluidic materials at pressures 
20 ajul Aw rate rajoghig from 

to optimally provide pressures and fWrates tod 
the installation of the apparatus 900. 

The various elements of the mandrel 906 may be coupled uaingany number 
of conventional process such as, for example, threaded connections, welded 
25 connections or cementing. In a preferred embodiment, the various elements of the 
mandrel 906 are coupled using threaded connections and cementin g. 

The shoe 908 preferably includes a housing 954, a body of cement 956, a 
sealing sleeve 958, an extension tube 960, a fluid passage 962, and one or more 
outlet jets 964. 

SO The housing 954 is coupled to the bodyof cement 956 and the lower portion 

914 of the tubular member 902. During operation of the apparatus 900, the 
housing 954 preferably conplea the lower portion of the tubular member 902 to the 
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shoe 908 to fa cil it a te the mtrmarm and positioning of the tubular member 902. 
Preferably, the housing 954 has a substantially annular cross-section. 

The housing 954 may be fabricated from any number of conventional 
commer cially available materials such as, for example, steel or aluminum In a 
5 preferred embodiment, the housing 954 is fabricated from aluminum in order to 
optimally provide d rillabilify of th e h oming 854 

In a particularly preferred embodiment, the interior surface of the housing 
954 i nc lu des oiie or more protru^ 
of cement 956 and the housing 954, 
10 The body of cement 9 56 is coupled to the boosing a&i, and -»fl1jngnlprYp 
958. In a prefianed^mbodmient, the c om pf wit io n of the body of cement 956 is 
selected to permit the body of cement to be easily drilled out using conventio nal 
drilling TTiafliTTip a smA process es . 

The composition of the body of cement 956 may include any number of 
15 conventional cement composition*. In an alternative embodiment, a dr fllab le 
material such as, for example, ahnninum or iron may be substituted for the body 
of cement 956. 

The sealing sleeve 958 is coupled to the body of cement 956, the extension 
tube 960, thefluid passage 962, and o^ 964. During operation 

20 of the apparatus 900, the sealing sleeve 958 preferably is adapted to convey a 
hardenable fluidic material from the fluid passage 952 into the fluid passage 962 
and then into the outlet jets 984 in order to injur! %h» t^HPTiflbte flnidic material 
into an annular region external to the tubular member 902. In a preferred 
embodiment, during operation of the apparatus 900 , the sealing sleeve 958 further 

25 inchidea an inlet geometry that pen^ 

lodged in the inlet of the sealing sleeve 958. In this manner, the fluid passage 962 
may be bloclral thereby & 
member 902, 

In a preferred embodiment, the sealing sleeve 958 has a substantially 
30 aimi^crwsectian. Tto 

of conventional commercial^ available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the sealing sleeve 958 is 
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fabricated from aluminum in order to optimally provide drillabiHty of the sealing 
sleeve 958. 

The extension tube 960 is coupled to the sealing sleeve 958. the fluid 
passage 962, and one or more outlet jets 964. During operation of the apparatus 
5 900, the -T*gn«noti tnhft 960 prgfenihfr i« adapted to convey a bardenable flnidic 
material from the fluid passage 952 into the fluid passage 962 and then into the 
outlet Jets 964 in order to inject the hardenable fiuidic material into an annular 
region external to the tubular member 902. In a preferred embodiment, during 
operation of the app aratu s 900, the sealing sleeve 960 further includes an inlet 

10 geometry that permits a conventional plug or dart 974 to become lodged in the 
inlet of the sealing sleeve 958. In this manner, the fluid passage 962 is blocked 
thereby fluidicly isolating the interior region 968 of the tubular member 902. In 
^ pp g fe lTftri «™y HfiiPftnt, OTtft And of the g*t enmffP t"he 060 mates with one end of 
the spacer 938 in order to optimally faciiiate the transfer of material between the 

15 two. 

In a preferred embodiment, the extension tube 960 has a substantially 
anmilarcrofls-sectian. The extension tube 960 may be Cab ricated from any number 
of conventional commercially available materials such as, for example, steel, 
ahuninum or cast iron. In a preferred embodiment, the extension tube 960 is 

20 fabricated from aluminum in order to optimally provide oWlability of the 
extension tube 960, 

The fluid passage 962 is coupled to the sealing sleeve 958, the ex t ension 
tube 960,andoneormare outlet jets 964. During operation of the apparatus 900, 
the fluid p assage 962 is preferably conveys hardenable fluidic materials. In a 

25 preferred embodiment, the fluid passage 962 is positioned about the centeriine of 
the apparatus 900. In a particularly preferred embodiment* the fluid passage 962 
is adap ted to convey hardenable fhridfc materials at pressures and flow rate 
ranging from about 0 to 9,000 rjffl 
provide fluid* at operationally effi c ien t rates. 

30 The outletjets 964 are coupled to the sealing sleeve 96B, the extensto 

960, and the fluid passage 962. During operation of the apparatus 900, the outlet 
jets 964 preferably convey bardenable fluidic material from the fluid passage 962 
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to the region exterior of the apparatus 900. In a preferred embodiment, the shoe 
908 includes a ptaraliiy of outlet jets 964. 

In a preferred embodiment, the outlet jets 984 comtro 
the hollaing 954 and the bo^ 
6 of the apparatus 900. 

The varimia elements of the shoe 908 may 
conventional process such as, for example, threaded cmnections, cement or 
machined from one piece of material . In a preferred embodiment, the various 
elements of the shoe 908 are coupled using cement 
10 In a preferred emhndhnmit, the assembly 900 is operated substantially as 
deecrfted above wiOira&ram 
waHbore or to repair a weMbow casing or pipeline 

In particular, in order to extend a weHbor* into a subterranean formation, 
a drill string is used in a well known manner to drill out material from the 
16 subterranean formation to form a new section. 

The apparatus 900 for forming a weUbore casing in a subterranean 
formation is then positioned in tbenewseetionoftheweDbore. In a particularly 
preferred embodiment, the apparatus 900 inchides Uietuboilar member 915. Ina 
preferred embodiment, a hardenable fluidic sealing hardenable fluidic sealing 
20 material is then pumped from a surfer* location into the fh^ The 
hardenable fluidic spaHng material thm pa*** from the fraid passage 918 into the 
interior region 966 of the tubular member 902 below the mandrel 906. The 
hardenable fluidic dealing material then passes frtmxtha^ 
the fluid passage 962. The hardenable fluidic sealing material then exits the 
25 apparatus 900 via the outlet jeta9M 

exterior of the tubular member 902 and the interior wan of the nra 

wellbore. Oon t h me d pumpipgof the hardenable fluidic f mHngm»tjir1al causea the 

material to mi up si least a portion 

The hardenable fluidic sealing material is prefexab^ pumped into the 
30 annular region at pressures ai^ 

5,000psiafld0tol,oTOga^^ In a preferred embodiment, the 

hardenable fluidicsealingmate^ 
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and flow rates that are designed for the specific wellbore section in order to 
optimize the displacement of the hardenable fluidic sealing material while not 

Creating high gnnaigh Hrr ^tntmg prefigures «"^h that Circulation might ho Ipst PT*d 
that conld cause the wellbore to collapse. The optimum pressures and flow rates 
5 are preferabry determined using conventional empirical methods. 

The hardenable fluidic sealing material may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material comprises blended cements designed 

10 specifically for the well section being lined available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide support for the new tubular 
member while also Tnymt ufrifng optimal flow characteristics bo as to minimize 
operational difficulties during the displacement of the cement in the annular 
region. The optimum composition of the blended cements is preferably determined 

15 using conventional empirical methods. 

The annular region preferably is filled with the hardenable fluidic sealing 
material in sufficient quantities to ensure that, upon radial expansion of the 
tubular member 902, the annular region of the new section of the wellbore will be 
filled with hardenable material. 

20 ^ annular raprm has h«m »rfiMpmt»fr filled with hardenable fluidic 
sealing material, a plug or dart 974, or other similar device, preferably is 
introduced into the fluid passage 962 thereby fhiidicly isolating the interior re^ 
966 of the tubular member 902 from the external annular region. In a preferred 
embodiment, a non hardenable fluidic material is then pumped into the interior 

25 region 966 causing the interior region 966 to pressurize. In a particularly 
preferred embodiment, the plug or dart 974, or other similar device, preferably is 
introduced into the fluid passage 962 by introducing the plug or dart 974, or other 
similar device into the non hardenable fluidic material. In this manner, the 
a mount of cored material within the interim 1 of the tubular members 902 and 916 

30 is minimised. 

Once the interior region 966 becomes sufficiently pressurized, the tubular 
members 902 and 915 are extruded off of the mandrel 906. The mandrel 906 may 
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be fixed or it may be expandible. During the extrusion process* the mandrel 906 
is raised out of the expanded portions of the tubular members 902 and 9 1 5 using 
the support member 904. During this ertxuaon process^ 
substantially stationary. 
6 The plug or dart 974 is preferably placed into the fluid passage 962 by 

introducing the ping or dart 9 74 into the fluid passage 918 s± a surftce location in 
a conventional manner. The plug or dart 974 may comprise any number of 
conventional commercially available devices for plugging a fluid passag e such as, 
for example, Multiple Stage Csmenter (MSG) latch-down ping, Omega latch-down 
10 plug or three-wiper latch down plug modified b accordance with the teachings of 
the present disclosure. In a preferred embodiment, the piugor dart 974 comprises 
a MSC latch-down phig available from Halliburton Energy Servian in T) *\\»n TSL 
After placement of the plug or dart 974 in the fluid passage 962, the non 
hardenable fluidic material is preferably pumped into the interior region 966 at 
15 pressures and flow rates ranging from approximately 500 to 9,000 psi and 40 to 
3,000 gallons/min in order to optimally extrude the tubular members 902 and 915 
off of the mandrel 906. 

For typical tubular members 902 and 915, the extrusion of the tubular 
members 902 and 915 off of the expandable mandrel wQI begin when the pressure 
20 of the interior region 966 reaches appraxiim^ 600 to 9,000 psi In a preferred 
embodiment, the extrusion of the tubals 

906 begins when the pressure of the interior region 966 reaches approximately 
1,200 to 6,500 psi with a flow rate of about 40 to 1250 gallons/minute 

During the extrusion process, the mandrel 906 may be raised out of the 

25 ex p anded portions of the tubular members 902 and 915 at rates ranging, for 
example, from about 0 to 5 ft/sec. Inapreferred embodiment, duringthe extrusion 
process, the mandrel 906 is raised out of the expimded portions of the tubular 
members 902 and 916 at rates ranging from about 0 to 2 ft/sec in order to 
optimally provide pulling speed last enough to permit efficient operation and 

SO permit full expansion of the tubular members 902 and 915 prior to curing of the 
hardenable fluidic sealing material; but not so fast that tzmefr adjustment of 
operating parameters durm* operation is prevented. 
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When the upper end portion of the tubular member 915 is extruded off of 
the mandrel 906, the outer surface of the upper end portion ofthe^ular member 
915 will preferably contact the interior surface of the lower end portion of the 
*rHgfrmg casing to form an fluid tight overlapping joint . The contact pressure of the 
5 overlappixigjoint may range, In 
a p refer r e d embodiment, the contact pressure of the overlappingjomt between the 
upper end of the tubular member 915 and the existing section of wellbore caring 
ranges from appro x imately 400 to 10 r 000 psi in order to optimally provide contact 
pressure to activate the sealing members and provide optimal resistance 
10 the tubular member 915 and existing wellbore casmgwffl carry typical 
compressive loads 

In a p r e fer red embodiment, the operaiimjp^ssure and flow rate of the xion 
hardenable fluidic material will be controUabty ramped down when the mandrel 
906 reaches the upper end portion of the tubular member 915. In this manner, the 

15 sadden release of pressure caused by the complete extrusion of the tubular 
member 915 off of the expandable mandrel 906 can be mfaimiffri In a prefe rr e d 
embodiment, the operating pressure is reduced in a substantially linear fashion 
from 100% to about 10% during the end of the extrusion process beginning when 
the mandrel 906 has completed approximately all but about the last 5 feet of the 

20 extrusion process. 

In an ahernatrve preferred embodiment, the operating pressure and/or flow 
rate of the hardenab le fluidic sealing material and/or the non hardenable fluidic 
malarial are controlled during all phases of the operation of the apparatus 900 to 

25 Alternatively, or in amibination, a Bhock absoii>er is provided in the support 

member 904 in order to absorb the ahock caused by the sudden release of ptessure 
Alternatively, or in combination, a mandrel catching structure is provided 
above the support member 904 in order to catch or at least decderate the mandrel 
906, 

30 Once the extrusion process is completed, the mandrel 906 is removed from 

the wellbore. In a p r efer r ed embodiment, either before or alter the removal of the 
mandrel 906, the integrity of the fluidic seal of the overlapping joint between the 



-42- 



tipper portion of the tubular member 915 and the lower portion of the easting 
casing is tested using conventional methods. If the fluidic seal of the overlapping 
joint between the upper portion of the tubularnienu^ 915 and the lower pcation 
of the existing casing is satisfactory, than the uncored portion of any of the 
5 hardenable flnidk sealing material within the expanded tubular member 915 is 
then removed in a euimgniinMi manner The hsjdenahle fluidi c sealin g mate rial 
within the annular region between the expanded tubular member 915 and the 
existing casing and new section of weilbare is then allowed to cure. 

Preferably any remaining cured hardenable fluidic sealing material within 
10 the interior tf the expanded 

conventional maimer using a conventional drill string. The resulting new section 
of casing preferably includes ti* expanded tabular m 

outer annular layer of cored hardenable fluidic sealing material Tho bottom 
portion of the apparatus 900 comprising the shoe 908 may then be removed by 

15 drilling out the shoe 908 using conventional drillin g methods 

In an alternative embodiment, during the extrusion process, it may be 
necessary to remove the entire apparatus 900 from the interior ofthewellbore due 
to a malfunction. In this circumstance, a conventional drill string is uacd to drill 
out the interior sections of the apparatus 900 in order to facilitate the removal of 

20 the remaining eectkme. In a preferred embodiment, the interiOT elements of the 
apparatus 900 are fabricated from materials such as, for »™iplft, cement and 
aluminum, that pennit a conventional drill string to be employed to drill out the 
interior components. 

In particular, in a preferred embodiment, the composition of the interior 

25 sections of the mandrel 906 and shoe 90S, inimidxng one or mora of the body of 
cement 932, the spacer 938, the sealing sleeve 942, the upper cone retainer 944. 
thehibricatomandi^ 

954, the bod> of cement 958, the eealiiig sleeve 958, and th^ 
are selected to permit at least some of these components to be drilled out using 
30 conventional drilling methods and apparatus. & this manner, intheevent of a 
malfunction downhole, the apparatus 900 may be easily removed from the 
wellborn. 
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Referring now to Figs. 10a, 10b, 10c, lOd, 10e, 10f; and lOga method and 
apparatus for creating a tie-back liner in a wellbare win now be described. As 
illustrated in Fig. 10a, a wellbore 1000 positioned in a subterranean formation 
1002 includes a first casing 1004 and & second casing 1006. 
6 The first casing 1004 preferabbr indudfisatubularlii^ 1008 and a cement 

annuhis 1010. The second casing 1006 preferably includes a tubular liner 1012 
and a cement annuhis 1014. In a preferred embodiment, the second casing 1006 
is formed by a tubular member substantially as described above with 

reference to Figs. l-9c or below with reference to Figs. 11a- 1 IX 

10 In a particularly preferr ed embodiment, an upper portion of the tabular 
liner 1012 overlaps with a I owa por tion of the tubular liner 1008. In a particularly 
preferred embodiment, an outer surface of the upper portion of the tubular liner 
1012 includes one or more sealing members 1016 for providing a fluidic seal 
between the tubular liners 1008 and 1012. 

15 Referring to Fig. 10b, in order to create a tie-barr Ktw that extends from 

the overlap between the first and second casings, 1004 and 1006, an apparatus 
1100 is preferably provided that includes an expandable mandrel or pig 1105, a 
tubular member 1110, a shoe 1115, one or more cup seals 1120, a fluid passage 
1130, a fluid passage 1136, one or more fluid passages 1140, seals 1146, and a 

20 support member 1150. 

The expandable mandrel or pig 1105 is coupled to and supported by the 
support member 1150. The expandable mandrel 1105 is preferably adapted to 
controUably expand in a radial direction* The errwTidahto mandrel 1105 may 
comprise any number of conventional commercially available expandable mandrels 

25 modirkd in accordance with tto In a preferred 

embodiment, the expandab le mandrel 1105 comprises a hydraulic ex p ansio n tool 
substantially as disclosed in U.S. Pat. No, 5,348,095, the disclosure of which is 
incorporated herein by reference, modified in accordaiw^ with the teachings of the 
present disclosure. 

30 The tubular member 1110 is coupled to a*d supported by the expandabte 

mandrel 1105. The tabularmember 1105 is expanded nitherediald^recrtioiiand 
extruded off of the expandable mandrel 1105. The tubular member 1110 may be 
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fabricated from any number of materials such as» for example, Oilfield Country 
Timular Goods, 13 cbromiom In a preferred embodiment, 

the tubular manberin^ 

The inner and outer diameters of the tubular member 1110 may range, for 
5 example, from approrimatery 0.75 to ^ 
In a preferred embodiment the inner and outer diameter* fifth* £nKni Pr tt^tt)^ 
1110 range from about 3 to 15& inches and 3 JS to 16 inches, zespectivebr in order 
to optimally provide coverage for typical oMeU casing sires. The tubular member 
1110 preferably comprises a solid member. 
10 In a preferred embodimeii^ 

U10 is slotted, perforated, or otherwise modified to catch or slow down the 
mandrel 1105 when it completes the extrusion of tubular member 1110. In a 
preferred embodiment, the length of the tubular member 1110 is limited to 
minimise the possttiKiy of buckling. For typical tubular member 1110 materials, 
15 the length of tie tabular member 1110 iaprefarabbrlmiited to between about 40 
to 20,000 feet in length. 

The aboe 1115 is coupled to the expandable mandrel 1105 and the tubular 
member 1110. The shoe 11 15includes the fluid passage 1136. The shoe 1115 may 
comprise any number of conventional oommerriaUy available shoes such as, for 
20 example, Super Seal nilort 

with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe HIS 
comprises an aluminum <k>wn-jet guide shoe with a sea 

plug with side porta radiating off of the exit flow port available from Halliburton 
25 Energy Services in Dallas, TX, modified in accordance with the teachings of the 
present disclosure, in order to optimally guide the tubular member 1100 to the 
overlap between the tubular member HOP airitheeaaiiiglOl^np t^ ijyftai^fly 
isolate the interior of the tubular member 1100 after the latch dtwn plug has 
seated, and optimally permit drilling out of the d>M 
30 expansion and cementing operations. 

In a prtifci-i^d embodiment, the shoe 1115 includes one or nwre side outlet 
ports 1 140 in fluidk communication with the fluid passage 1135. In this manner, 
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the shoe 11 15 injects hardenable fluidic sealing material into the region outside the 
shoe 1115 and tubular member 1110. In a preferred embodiment, the shoe 1115 
includes one or more of the Quid passages 1140 each having an inlet geometry that 
can receive a dart and/or a baB sealing member. In this manner, the fluid passages 
5 1 140 can be sealed offby introducing a plug, dart and/or ban sealing elements into 
the fluid passage 1130. 

The cup seal 1120 is coupled to and supported by the support member 1160. 
The cup seal 1120 prevents foreign material* from entering the interior region of 
the tubular member 1110 «4i*cexxt to the expandable mandrel 1105. The cup seal 

10 1120 may comprise any number of conventional commerciaUy available cup seals 
such as, far example, TP cupe or Sdeclmli^ecttonP^erCB^ cops modified in 
accordance with the teachings of the present disclosu r e. In a preferred 
embodiment, the cup seal 1120 comprises a SIP cop, available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a barrier to debris and 

15 contain a body of lubricant. 

The fluid passage 1190 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1110 below the expandable 
mandrel 1105. The fluid passage 1130 is coupled to and positioned within the 
support member 1150 and the expandable mandrel 1105. The fluid passage 1130 

20 preferably extends from a position adjacent to the surfece to the bottom of the 
expandable mandrel 1105. The fluid passage 1130 is preferably positioned along 
a centertine of the apparatus 1100. The fluid passage 1130 is preferably selected 
to transport materials such as cement, drilling mud or epoxiea at flow rates and 
pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order 

25 to optimally provide sufficient operating pressures to circulate fluids at 
operationally efficient rates. 

ThefhridTjiiBpncg ll^p^^^«^^^^^^^«^>^^^«^^^^^^"^ 
passage 1130 to the interior of the tubular member 1110 below the mandrel 1105. 
The fluid passages 1 140 permits fluidic materials to be transported to and 

30 from the region exterior to the tubular member 1110 and shoe 1116. The fluid 
passages 1140 are coupled to and positioned within the shoe 1115 in fluidic 
communication with the interior region of the tubular member 1110 below the 
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expandable mandrel 1105. The fluid passages 1140 preferably have a cross- 
sectional shape that permits a plug, or other sxzzukrdevioe^tobeplacedinthefhiid 
passages 1140 to thereby block farther passage of ftuidic ™*ii*ri»\« in this 
manner, the interior region of the tabular member 1110 below the expandable 
5 mandrel 1105 can be fluidicly isolat ed from the region exterior to the tabular 
member 1105. This permits the interior region of the tubular n^ 
the expandable mmdTrf i MR fa be prffffFi iT ?Tff! 

The fluid passages 1140 are preferably positioned along the periphery of the 
shoe 1116. The fluid passages 1140 arc preferably selected to convey materials 
10 siidiaa cement, drilling mud « 

about 0 to 8,000 gaDona/minute and 0 to 9,000 pat in order to optimally fill the 
annular region between the tubular member U10 and the tubular ImerlOOT 
fluidic materials. In a preferred embodmieiit, to 

inlet geometry that can receive a dart and/or a ball sealing member. In this 
15 manner, the fluid passages 1140 can be sealed off by introducing a plug, dar t 
and/or ball sealing elements into the fluid passage 1130. In a preferred 
embodiment, the apparatus 1100 includes a plurality of fluid passage 1140. 

In an alternative embodiment, the base of the shoe 1116 includes a single 
inlet passage coupled to the fluid 
20 or other similar device, to permit the interior region of the tubular mem 
to be fhndidy isolated from the exterior ofthe tubular member 1110. 

The seals 1145 are coupled to and supported by a kroer end portion of the 
tubular member 1110. The seals 1146 are Anther positioned on an outer surface 
of the lower end portion of the tubular member 1 1 10. The seals 1145 permit the 
25 overlapping joint between the upper end portion ofthe casing 1012 and the lower 
end portion of the tubular member 1110 to be flnididy sealed. 

The seals 1145 may comprise any number of conventional commercially 
available seals such as, for example, lead, rubber, Teflon or epoxy seals modified 
in accordance with the teachings of the present disclosure. In a preferred 
30 embodiment, the seals 1145 comprise seate molded fhmi8t rataloc kepo^ 

from Halliburton Energy Services in Dallas, TXm order to optimally provide a 
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bydraulk: seal m the overiapping^ 

to withstand the rouge off typical tensile and compressive loads* 

In a preferred embodiment, the seak 1145 are eekcted to optimally provide 
a sufficient frictionalfbrce to support the expanded tubular member 1 110 from the 

5 tubular liner 1008. In a prefeired embodiment, the frictional force provided by the 
seals 1145 ranges from about 1,000 to 1,000,000 M in tension and compression in 
order to optimally support the expanded tubular member 1110, 

The support member 1150 is coupled to the expandable mandrel 1105, 
tubular member 1110, shoe 1115, and seal 1120. The support member 1150 

10 preferably comprises an annular member having sufficient strength to carry the 
apparatus 1100 Into" the weHbore 1000. In a preferred embodiment, the support 
member 1150 further includes one or more conventional centralisers (not 
illustrated) to help stabilize the tubular member 1110. 

In a preferred embodiment, a quantity of lubricant 1 150 is provided in the 

15 annular region above the expandable mandrel 1105 within the interior of the 
tubular member 1110. In this maimer, the extrusion of the tubular member 1110 
off of the expandable mandrel 1105 is facilitated. The lubricant 1150 may 
comprise any number of conventional commercially available lubricants such as, 
for example, Lubriplate, chlorine based lubricants or Climax 1500 Antiseixe (3100). 

20 In a preferred embodiment, the lubricant 1150 comprises Climax 1500 Antiseize 
(3100) available from CUmax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide lubrication for the extrusion process. 

In a prefe rr ed embodimaat, the support member 1150 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1100. In this 

25 manner, the introduction 

This ™nirm«Hi the possibility of foreign material dogging the various flow 
passages and valves of the apparatus 1100 and to ensure that no foreign material 
interferes with the expansion mandrel 1105 during the extrusion process. 

In a particularly preferred embodiment, the apparatus 1100 includ e s a 

30 packer 1155 coupled to the bottom section of the shoe 1115 for fhiidkly isolating 
the region ofthewellbore 1000 below the apparatus 1100. In this manner, fluidk 
materials are prevented from entering the region of the weUbore 1000 below the 



apparatus 1100. The packer 1155 may comprise any number of conventional 
commercially available packers such as, for example, EZ Drill Packer, EZ SV 
Packer or a drillable cement retainer. In a preferred embodiment, the packer 
1155 comprises an EZ Drill Packer available from Halliburton Energy Services in 
5 Dallas, TX In an alternative embodiment, a high gel strength pill may be set 
below the tie-backinplaceofthe packer 1155. In another alternative embodiment, 
the packer 1155 may be omitted. 

In a p re f erred embodiment, before or after positioning the apparatus 1100 
within the weDbore 1100, a couple of TreHbore volumes are circulated in order to 
10 ensure thai no foreign material 1000 that might 

clog up the various Bo w passages and valvea of the apparatus 1100 and to ensure 
that no foreign material interferes with the operation of the expansion mandrel 
1105. 

AAflhifttTAt*»d in Fig 1<V a h^rrHwrmfrlft fl^Hfr ft^flling m ntprial 1160 is then 

15 pumped from a surface location into the fluid passage 1130. The material 1160 
then passes from the fluid passage 1130 into the interior region of the tubular 
member 1110 below the expandable mandrel 1105, The material 1160 then passes 
from the interior region of the tubular member 1110 hito the fluid passages 1140. 
The material 1160 then exits the apparatus 1100 and fills the region 

20 between the exterior of the tubular member 1110 and the interior wall of the 
tubular liner 1008. Continued pumping of the material 1160 causes the material 
1160 to fill up at least a portion of the annular region. 

like material 1160 maybe pumped into the annular region at pressures and 
flow rates ranging, for example, from about 0 to 5,000 psi and 0 to 1,500 

25 galtonsAnin T re«pfletivB^y In apreferred embodiment i **^™«»OT i > niflflfop t iTwp«a 
into the annular region at pressures and flow rates specifically designed for the 
casing sixes being run, the annular spaces being filled, the pumping equipment 
available, and the properties of the fluid bemg pumped. The optimum flow rates 
and pressures pmfar»My <*»wifttrd using rmv*ntimn\ empirical methods. 

30 The hardenable fluidic sealing material 1160 may comprise any number of 

conventional commercially available hardenable fluidic wanting materials su ch as, 
for example, slag mix, cement or epaxy. In a preferred embodiment, the 



haidenable fluidic sealing material 1160 comprises blended cements specifically 
designed for well section being tied-back, available from Halliburton Energy 
Services in Dallas, IX in order to optimally provide proper support for the tubular 
member 1110 while mamtaining optimum flow characteristics so as to mrnimire 
5 operational difficulties during the displacement of cement in the annnlnr region. 
The optimum blend of the blended cements are preferably determined using 
conventional empirical methods. 

The annular region may be filled with the material 1160 in sufficient 
quantities to ensure that, upon radial expansion of the tubular member 1110, the 

10 annular region will be filled with material 1160. 

As illustrated in Fig. lOd, once the aimnlar region has been 
with material 1160, one or more plugs 1166, or other similar devices, preferably 
are introduced into the fluid passages 1 140 thereby Guidkly isolating the interior 
region of the tubular member 1110 rhm^ 

15 member 1110. In a preferred embodmient, anon harden 

is then pumped into the interior region of the tubular member 1110 below the 
mandrel 1105 causing the interior region to pressurize. In a particularly preferred 
embodiment, the one or more plugs 1 165, or other similar devices, are introduced 
into the fluid passage 1140 with the introduction of the nan hardenable fluidic 

20 material In this manner, the amount of hardenable fluidic material within the 
interior of the tabular member 1110 is minimized- 

As illustrated in Fig. lOe, once the interior region becomes sufficiently 
pressurised, the tubular member 1110 is ertruded off of the expandable mandrel 
1105. During the extrusion process, the expandable mandrel 1105 is raised out of 

25 the expanded portion of the tubular member 1110. 

The plugs 1165 are preferably placed into the fluid passages 1140 by 
introduang the plugs 1 165 into the fluid passage 1 130 at a surface location in a 
conventi onal manner. The progs 1165 may comprise any number of conventional 
commercially available devices from pluming a fluid passage such as, for example, 

30 brass balls, pings, rubber balls, or darts modified in accordance with the teachings 
of the present disclosure. 
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In a pr efer r e d embodiment, the plugs 1165 comprise tow density rubber 
balls. In an alternative embodiment, for a shoe 1105 having a common central 
inlet passage, the plugs 1166 comprise a single latch down dart 

After placement of the plugs 1165 in the fluid passages 1140, the non 
6 bardenable fhudk material 1161 ia preferably pumped into the interior region of 
the tubular member 1110 below the mandrel 1105 at pressures and flow rates 
ranging from approorimatery 500 to 9,000 p« 

In a preferred embodiment, after placement of the plugs 1 165 in the fluid passages 
1140, the non hardenahk fluidic material 1161 ia preferably pumped into the 
10 interior rogfamrfthe tabular mem 

and flow rates ranging from approximately 1200 to 8500 psi and 40 to 1250 
gallonaAnin in order to optimally provide ertrusirm of typical tnhntom 

For typical tubular members 1110, the externum of the tubular member 
1110 off of the expandable mandrel 1105 will begin when the pressure of the 
15 interior region of the tubular member 1110 below the mandrel 1105 reaches, for 
example, approximate^ 1200 to 8500 psL In a preferred embodiment, the 
extrusion of the tubular member 1110 off of the expandable mandrel 1105 begins 
when the pressure of the interior region of the tubular member 1 1 10 below the 
mandrel 1105 reaches approximately 1200 to 8500 psL 
20 During the extraskm process the ex 

out of the expa nded portion of the tubular member 1110 at rates ranging, for 
example, from aboutO to 5 ft/sec Ina preferred enibodiment, during the extrusion 
process, the expandable mandrel 1105 ia raised out of the expanded portion of the 
tubular member 1110 at rates ranging from about 0 to 2 ft/aec in miter tn np fmmiiy 
25 provide permit adjustment of operational parameters, and optimally ensure that 
the extrusion process wDl be completed before the material 1160 cores. 

In a preferred embodiment, at least a portion 1180 of the tubular member 
1110 has an intenud diameter less than the outBto diameter of the m^ 1105. 
In this manner, when the mandrel U05 expends the section 1180 of the t^^ 
80 member 1110, at least a portto 

at least the weffi>ore casing 1012. Inapaitfcnhrtj p r ef erred embodiment, the seal 
ia effected by ro mpr f> H frf ng the seals 1016 between the expanded section 1180 and 
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the wellbotre casing 1012. In a preferred embodiment, the contact pressure of the 
joint between the expanded section 1180 of the tubular member 1110 and the 
casing 10 12 ranges from about 500 to 10 9 000 pd in order to optimally provide 
pressure to activate the sealing members 1145 and provide optimal resistance to 
5 ensure that the joint wffl wrtbstand typical 
loads. 

In an alternative preferred embodiment! s ubs ta ntially all of the entire 
length of the tubular member 1110 has an mtemal diameter less than the out^ 
diameter of the mandrel 1105. In this manner, extrusion of the tubular member 

10 1110 lr/ the mandrel 1105 results in contact between substantially all of the 
expanded tubular member 1110 and the existing casing 1008. In a preferred 
embodiment, the contact pressure of the joint between the expanded tubular 
member 1110 and the camngB 1008 and 1012 ranges from about 500 to 10,000 psi 
in order to optimally provide pressure to activate the sealing members 11« 

15 provide optimal reaiatpr™ »nmre that the joint will withstand typical extremes 
of tensile and compressive loads. 

In a preferred embodiment, the operating pressure and flow rate of the 
material 1161 is controllably ramped down when the expandable mandrel 1105 
reaches the upper end portion erf In this manner, the 

20 Rjdden release of pressure caused by the complete extrusion of the tubular 
member 1110 off of the expandable mandrel 1105 can be minimised In a 
preferred embodiment, the operating pressure of the fluidic material 1161 is 
reduced ma substantially linear fashion from 100% to about 10% during the end 
of the extrusion process beginning when the mandrel 1105 baa completed 

25 approxiinatebranbutaboi^ 

Altematively,or in combination, aaboekabsoTberisprovib^inthesuppoH 
member 1150 in order to absorb the shock caused by the sudden release of 
pressure. 

A lt ern ativ ely, or in combination, a mandrel catching structure is provided 
30 m the upper end portion tf the tri 
decelerate the mandrel 1105. 
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Referring to Fig. lOf, once the extrusion process is mmpUH the 
expandable mandrel 1106 is removed from the weUbore 1000. In a preferred 
embodiment, either before or after the removal of the expandable mandrel 1105, 
the integrity of the fluidic seal of the joint between the upper portion of the 
5 tubular member 1110 and the upper portion of the tubular liner 1108 is tested 
using conventional methods. If the fluidic seal of the joint between the upper 
portion of the tabular member 1 1 10 and the upper portion of the tubular liner 
1008 is satisfactory, then the unmixed portion of the material 1160 within the 
exp an de d tabular member 1110 is then removed in a conventional manner . Tie 
10 material 1160 within the annular region between the tubular member 1110 and 
the tubular liner 1008 is then allowed to cure. 

As illustrated in Fig. lOf; preferably any remaining cured material 1160 
within the interior of the eipsndftd tubular member 1110 is ft*rn removed in a 
conventional manner usingaeonrentionaldriU string. The resulting tie-back liner 
15 of casing 1170 includes the expanded tabular member 11 10 md an outer annular 
layer 1175 of cured material 1160. 

As illustrated in Fig. 10ft the remaining bottom portion of the apparatus 
1100 comprising the shoe 1115 and packer 1156 is then preferably removed by 
drilling out the shoe 1115 and pecker 1165 using conventional drilling methods 
20 In a particularry preferred en^^ incorporates 

the apparatus 900. 

Referring now to Figs, lla^lf; an embodiment of an apparataisaiuimethcK^ 
for hanging a tubular liner off of an existing wellbore casing will now be described 
As illustrated in Fig. 11a, a wellbore 1200 is positioned in a subterranean 
25 formation 1205. The waUboro 1200 jnrfnd** mr% irinting «**ti 0n 1 ?1Q having 
a tubular casing 1215 and an «rmtr1«T- outer layer of cement 1220. 

In order to extend the wellbore 1200 hito the subterranean form 
a drill string 1226 is used in a wall known mariner to drffl out material from the 
subterranean formation 1205 to form a new section 1280. 
30 As illustrated in Fig. lib, aii apparatus 1300 for fb^ 

in a subterranean formation is then positioned In the new section 1230 of the 
wellbore 100. The apparatus 1300 prefeab^hichides an expandable mandrel or 
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pig 1305, a tubular member 1310, a shoe 1 3 15, a Quid passage 1320, a fluid passage 
1330, a fluid passage 1335, seals 1340, a support member 1345, and a wiper plug 

1360. 

The expandable mandrel 1305 Is coupled to and supported by tbe support 
5 member 1345. The expandable mandrel 1305 is preferably adapted to controllably 
expand in a radial direction. The expandable mandrel 1305 may comprise any 
number of conventional commercially available expendable mandrels modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the expandable mandrel 1305 comprises a hydraulic expansion tool 

10 substantially as disclosed in UA Pat No. 5,348,095, the disclosure of which is 
incorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

The tubular member 1310 is coupled to and supported by the expandable 
mandrel 1305. The tubular member 1310 is preferably expanded in the radial 

15 direction and extruded off of the expandable mandrel 1305. The tubular member 
1310 may be fabricated from any number of materials such as, for example, Oilfield 
Country Tubular Goods (OCTG), 13 chromium steel tubing/casing or plastic 
casing. In a preferred embodiment, the tubular member 1310 is fabricated from 
OCTG. The inner and outer diameters of the tubular member 1310 may range, for 

20 example, from approximately 0 .75 to 47 inches and 1 .05 to 48 inches, respectively. 
In a p r efer red embodiment, tbe inner and outer diameters of the tubular member 
1310 range from about 3 to 15.5 inches and 3.5 to 16 inches, respectively in order 
to optimally provide m intm*! telescopingeffect in tbe most commonly encountered 
wellbore sixes. 

25 In a preferred embodiment, the tubular member 1310 includes an upper 

portion 1355, an intermediate portion 1360, and a lower portion 1365. In a 
preferred anbodimgnt, the wall thMHWftq and nni^ay diBTnwtor nf thftiippgr portion 
1355 of the tubular member 1310 range from about 3/8 to 1 Winches and 3 V4 to 
16 inches, respectively. In a preferred embodiment 

30 diameter of the intermediate portion 1360 of tbe tubular member 1310 range from 
about 0.625 to 0.75 inches and 3 to 19 inches, respectively. In a preferred 
embodiment, the wall thickness and outer diameter of the lower portion 1365 of 
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the tubular member 1310 range from about 8/8 to lJi inches and Sii to 16 inches, 
respectively. 

In a particularly preferred embodiment, the wall thickness of the 
intermediate section I860 of the tabular member 1310 is less than or equal to 
5 wall thickness of the upper and tower sections, 1365 and 1365, of the tubular 
member 1310 fa order to optimal^ fecfliate the initiation of the extrusion process 
and optimally permit the placement of the apparatus in areas of the wdlbore 
having tight clearances. 

The tubular member 1310 preferably comprises a solid member. In a 
10 preferred embodiment, the upper end portion 1365 of the tubular member 1310 
is slotted, perforated, or otherwise modified to catch or slow down the mandrel 
1305 when it completes the extrusion of tubular -member 1310. In a preferred 
embodiment, the length of the tubular member 1310 is limited to minimise the 
possibility of buckling. For typical tubnlar member 1310 materials, the length of 
15 the tubular member 1310 is preferably limited to between about 40 to 20,000 feet 
in length 

The shoe 1315 is coupled to the tubular member 1310. The shoe 1315 
preferably includes fluid passages 1330 and 1335. The shoe 1315 may comprise 
any number of conventional commercially available shoes such as, for example, 

20 Super Seal U float shoe, Super Seal H Down4et float shoe or guide shoe with a 
sealing sleeve for a latch-down plug modified in acamianee with the tea 
the present disclosure. In a preferred embodiment, the shoe 1315 comprises an 
aluminum down-jet guide shoe with a sealing sleeve far alatcfa-downphigavailable 
from Halliburton Energy Services in Dallas, TX, modified in accordance with the 

25 teachings of the present d iaclosme, in order to optimally guide the tubular member 
1310 into the wdlbora 1200, optimally fluidity isolate the interior of the tubular 
member 1310, and optimally permit the complete drill oat of the shoe 1815 upon 
the completion of the extrusion and / **mf T *tipg operati ons 

In a preferred embodiment, the shoe 1315 further includes one or more side 

30 outlet ports in fluidic communication with the fluid passage 1830. In this manner, 
the shoe 13 15 preferably igjaeta hard^nuM* fln trfu* ^ g TT1 nfrrisl into the regicrp 
outside the shoe 1315 and tubular member 1310. In a preferred embodiment, the 
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shoe 1315 in"hidf»f? the fluid passage 1330 having an inlet geometry that can 
receive a fluidic sealing member. In this manner, the fluid passage 1330 can be 
sealed off by introducing a plug, dart and/or ball sealing elements into the fluid 
passage 1330. 

6 The fluid passage 1320 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1310 below the expandable 
mandr el 1305. The fluid passage 1320 is coupled to and positioned within the 
support member 1346 and the expandable mandrel 1305. The fluid passage 1320 
preferably extends from a position adjacent to the surface to the bottom of the 

10 e35>andablemandr^l305. The fluid passage 1320 is prefiarably positioned along 
a centerline of the apparatus 1300. The fluid passage 1 320 is preferably selected 
to transport materials such as cement, drilling mud, or epoxies at flow rates and 
pressures iangmgftx>mato 

to optimally provide sufficient operating pressures to circulate fluids at 

15 operationally efficient rates. 

The fluid passage 1330 permits fluidic materials to be transported to and 
from the region exterior to the tabular member 1310 and shoe 1315. The fluid 
passage 1330 is coupled to and positioned within the shoe 1315 in fluidic 
communication with the interior region 1370 of the tubular member 1310 below 

20 the expandable mandrel 1305. The fluid passage 1330 preferably has a crosa- 
sactional shape that permits a plug, or other similar device, to be placed in fluid 
passage 1330 to therAy block further passage of fluidic materials. In tins manner, 
the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305 can be fluidicly isolated from the region exterior to the tubular 

25 member 1310. This permits the interior region 1370 ofthetahwlarineinber 1310 
below the expandable mandrel 1305 to be pressurized. The fluid passage 1330 is 
preferably positioned substantially along the centerline of the apparatus 1300. 

The fluid passage 1380 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and p i essu res ranging from about 0 

30 to 3,000 gallons/narrate and 0 to 9,000 psi in order to optimally fill the annular 
region between the tubular member 1310 and the new section 1230 of the weQbore 
1200 with fluidic materials. In a preferred embodiment, the fluid passage 1330 
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includes an Inlet geometry that can receive a dart and/or a ball sealing member. 
In this manner, the fluid passage 1330 cmbe«ealedoffl^introdudngaphig t daTt 
and/or ball sealing elements into the fluid passage 1320. 

The fluid passage 1335 permits fluidic materials to be transported to and 
5 from the region exterior to the tabular member 1310 and shoe 1315. The fluid 
passage 1336 is counted to and positioned within the shoe 1316 in fluidic 
communication with the fluid passage 1330. The fluid passage 1335 is preferably 
positioned substantial^ along the centeriine of the apparatus 1300. The fluid 
passage 13S5 is pref erabjjr selected to convey materials such as cement, drilling 

10 mud or eposes at flow rates and pressures ranging from about 0 to 3,000 
gallons/minute and 0 to 9,000 pel in order to optimally fin the annular region 
between the tubular member 1310 and the new 
with fluidic materials, 

The seals 1340 are coupled to and supported by the upper end portion 1355 

15 of the tubular member 1310. The seals 1340 are farther positioned on an outer 
surface of the upper end portion 1355 of the tubular member 1310. The seals 1340 
permit the overlapping joint between the lower end portion of the casing 12 15 and 
the upper portion 1355 of the tubular member 1310 to be fluidicry sealed. The 
seals 1340 may comprise any number of c onv e nti onal commercially available sea ls 

20 such as, for example, lead, rubber, Teflon, or epoxy seals modified in iiccordance 
with the teachings of the present disclosure. In a preferred embodiment, the seals 
1340 comprise seals molded from Btratalock epoxy available from Halliburton 
Energy Services in Dallas, 

annuhis of the crralapping joint while also creatingoptimal load bearing capability 
25 to withstand typical tensile and com ni c asl ve loads. 

In a pq^eferred embodiment, the seals 1840 axe ejected to optaiiaUy provide 
a s u fficient frictional force to support *>™» »»p^H frrlmlfir mpmber 13 10 from the 
existing casing 1215. In a preferred ^^V^, thft ftirttrninl forre prmrtdM by 
the seals 1340 ranges from about 1,000 to 1,000,000 Ibf in order to optimally 
30 support the expanded tubular member 1310. 

The support member 1346 is coupled to the expandable mandrel 1305, 
tubular member 1310, shoe 1316, and seals 1340. The support member 1345 
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preferably comprises an pr T " t ^ r member having sufficient strength to carry the 
apparatus 1300 into the new section 1230 of the weHbore 1200. In a preferred 
embodiment, the support member 1345 further include* one or more conventional 
centraKiers (not illustrated) to help stabilize the tubular member 13 10. 

6 inapreferxBdenitooUm 
prior to assembly to the remaining portions of the apparatus 1300. In this 
manner , the introduction of foreign matarialinto the apparatus 1300 is minimized. 
This nanimiiea the possibility of foreign material clogging the various flow 
passages and valves of the apparatus 1300 and to ensure that no foreign material 

10 interferes with the expansion process. 

The wiper plug 1350 is coupled to the mandrel 1305 within the interior 
region 1370 of the tubular member 1310. The wiper plug 1350 inclndes a fluid 
passage 1375 that is coupled to the fluid pessagB 1320. The wiper plug 1350 may 
comprise one or more conventional coinrnerdaDy available wiper plugs such as, for 

15 example, Multiple Stage Cementer latch-down plugs, Omega latch-down phigs or 
three-wiper latch-down plug modified in accordance with the t eachin g s of the 
present disclosure. In a preferred embodiment, the wiper phig 136X) comprises a 
Multiple Stage Cementer latch-down plug available from Halliburton Energy 
Services in Dallas, TK modified in a conventional maimer for releasable 

20 attachment to the expansion mandrel 1305, 

In a preferred embodinent, before or ar^ 
within the new section 1230 of thewellbare 1200, a couple of wellbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
wellbore 1200 that might dog up the various flow passages and valves of the 

25 apparatus 1300 and to ensure that no foreign material interferes with the 

w(finnrm process* 

As illustrated in Pig. 11c, ahardenahle flnidic sealmgmaterial 1380 is then 
pumped from a surface location into the fluid passage 1320. The material 1380 
then passes from the fluid passage 1320, through the fmid passage 1375, and into 
30 the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305. The material 1380 then passes fiw the interior re^ 1370 into 
the fluid passage 1330. The material 1380 then exits the apparatus 1300 via the 
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fluid passage 1335 and fills the annular region 1390 between the exterior of the 
tubular member U10 

1200. Continued pumping of the material 1380 causes the material 1380 to Gb up 
at least a portion of the annular region 1390. 
5 The material 1380 may be pumped into the annular region 1390 at 
pressures and flow rates ranging, for eramph, from about 0 to 6000 psi and 0 to 
1,500 gallon a/mrn, respec tiv ely. In a preferred embodiment, the material 1380 is 
pumped into the annular region 1390 at pressures and flow rates ranging from 
about 0 to 5000 psi and 0 to 1,600 gnllrma/min, regpedavefe, in order to optimally 

10 &U the ammlar region between the tufc^ 

of the wellborn 1200 with the hardenable flnidk sealing material 1380. 

The hazdenable fluidic sealing material 1£80 may comprise any number of 
conventional commercially available haxdenabte fluidic seal^ 
for example, slag mix, cement or epaxy. In a preferred embodiment, the 

15 hardenable fluidic sealing material 1380 comprises blended cements dg«gn«H 
specifically for the well section being drilled and available fro^ 
Services in order to optimally provide support for the tubular member 1310 during 
displacement t>n» material 1 s«fl in th? antiwiiwr region 1 Hie optimum blend 
of the rtmmt is preferably determined using conventional empirical methods. 

20 The annular region 1390 preferably is filled with the material 1380 in 
sufficient quantities t» ensure upon t^am expansion of th* tnhn hrr mgrnber 
mo, the annular region 1390 of the nw 
filled with material 1380. 

As illustrated in Fig. lid, once the annular region 1390 has been adequately 

25 filled with material 1380, a wiper dart 1395, or other similar device, is introduced 
into the fluid passage 1320. The wiper dart 1395 Lb preferably pumped throughthe 
fluid passage 1320 by a non hardenable fluidic material 1381. The wiper dart 1395 
than preferably engages the wiper phig 1350. 

As illustrated in Fig. lie, in a preferred embodiment, engagement of the 

30 wiper dart 1395 with the wiper phig 1350 causes the wiper phig 1350 to decouple 
from the mandrel 1305. The wiper dart 1395 and wiper phig 1350 then preferably 
will lodge in the fluid passage 1330, thereby blocking fluid flow through the fluid 
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passage 1330, and fiaidkfr isolating the interior region 1370 of the tubular 
member 1310 from the annular region 1390. In a preferred embodiment, the non 
hardenable fluidic material 1381 is then pumped into the interior region 1370 
causing the interior region 1370 to pressurise. Once the interior region 1370 
6 becomes sufficiently pressurized, the tubular member 1310 is extruded off of the 
expandable mandrel 1305. During the extrusion process, the prnandahle mandrel 
1305 is raised out of the expanded portion of the tubular member 1310 by the 
support member 1345. 

The wiper dart 1395 is preferably placed into the fluid passage 1320 by 
10 intrc4udng the wiper dart 1395 into the fluid passage 1320 at a suriace location 
in a conventional manner. The wiper dart 1395 may comprise eny number of 
conventional commercially available devices from plnggmgafluid passage suchas, 
fc r ^rttunp i*, Multiple Stags (Vmpfntor latch-down plugs, Omega latch-down phifes 
or three wiper latch-down phigfdart modified macro^ 
15 the present disclosure. In a preferred wnhodhnent, the wiper d%rt 1395 comprises 
a three wiper latch-down plug modified to latch and seal in the Multiple Stage 
Cementer latch down ptog 1350. The three wiper latch-down plug is available 
fi^m fT«Hft™ rtmi Energy Services in Dallas. TX. 

After blocking the fluid passage 1330 using the wiper plug 1330 and wiper 
20 dart 1896, the non hardenable fluidic material 1381 may be pnmped into the 
interior region 1370 at pressures and flow rates ranging, for example, from 
approximately 0 to 6000 pal and 0 to 1,500 galtons/rrdn in order to optimally 
extrude the tubular member 1310 off of the mandrel 1306, In this manner, the 
amount of hardenable fluidic material within the interior of the tubular member 
25 13l01sminhruze& 

In a preferred embodiment, after blocking the fluM pa 
hardenable fluidic material 1381 is preferably pumped into the interior region 
1370 at pressures and flow rates ranging from appivii i iwt^ 600 to 9,000 psi and 
40 to 3,000 gallons/mm in order to optimally provide operating pressures to 
30 """i"**™ the expansion process at rates sufficient to permit adjustments to be 
made in operating parameters dining the extrusion process. 
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For typical tubular members 1310, the extrusion of the tubular member 
1310 off of the expandable mandrel 1305 will begin when the pressure of the 
interior region 1370 reaches, for example, approximately 500 to 9,000 psL In a 
preferred embodiment, the extrusion of the tubular member 1310 off of the 
5 expandable mandrel 1305 is a fraction of the tubular member diameter, wall 
thickness of the tubular member, geometry of the mandrel, the type of lubricant, 
the composition of the shoe and tubular member, and the yield strength of the 
tubular member. The optimum flow rate and operating pressures are preferably 
determined using conventional em pir ical methods. 
10 During the enrtmsioTi process, the Expandable mandrel 1305 may be raised 

out of the expanded portion of the tubular member 1310 at rates ranging; for 
example, from about 0 to 5 ft/sea In a prefer ted embodiment, during the extrusion 
process, the expandable mandrel 1305 may be raised out ofthe expanded portion 
of the tubular member 1810 at rates ranging from about 0 to 2 ft/sec in order to 
16 optimally provide an efficient process, optimally permit operator atftustment of 
operation parameters, and ensure optimal completion of the extrusion process 
before curing of the material 1380. 

When the upper end portion 1355 ofthe tubular member 1310 is extruded 
off of the expandable mandrel 1305, the outer surfkce ofthe upper end portion 
20 1355 of the tubular member mOwfflp 

lower end portion ofthe casing 1216 to form an fhrid tight overlapping joint Tba 
contact pressure of the overlapping joint may range, for example, from 
approximately 50 to 20 ,000 psL In a preferred embodiment 
ofthe overlapping joint ranges from approximately 400 to 10,000 psi in order to 
25 optimally provide contact pressure sufficient to ensure annular sealing and provide 
enough re s i s t ance to withstand typical tanaOe and compressive loads. In a 
particularly preferred embodiment, the sealing members 1340 will ensure an 
adequate fhiidic and gaseous seal in the overlapping joint 
In a preferred embodiment, the operatic 
30 hardenablefluidicmaterial 1381 iac ontro ll abfr nnnpeddcnrn when t*» gjrpflnflubfr 
mandrel 1305 reach** the upper eiri 

In this manner, the sudden release of procure caused by the complete extrusion 
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of the tubular member 1310 off of the "r^r** nhl * Tn*™iral 1305 ean he inlnimized. 
In a preferred embodiment, the operating pressure is reduced in a substa ntially 
linear fashion from 100% to about 10% during the end of the extrusion process 
beginning when the mandrel 1305 has completed approximately all but about S 
5 feet of the extrusion process. 

AKfl TPflt frpfr, or in combination, « rftnA absorber ia provided in the support 
member 1345 in order to absorb the shock caused by the sudden release of 
pressure. 

Alternatively, or in combination, a mandrel catching structure is provided 
10 in the upper end portion 1856 of the tubular member 13 10 in order to catch or at 
least decelerate the mandrel 1305. 

Once the extrusion process is completed, the expandable mandrel 1305 is 

removed from the wellbOT 

the removal of the expandable mandrel 1305, the integrity of the fluidic sealof the 
15 overlappingjoint between the upper portion 1355 of the tubular member 1310 and 
the lower portion of the casing 1215 is tested using conventional methods. If the 
fluid* seal of the overlapping joint between the upper portion 1355 of the tubular 
member 1310 and the lower portion of the casing 1215 is satisfactory, then the 
uncured portion of the material 1380 within the expanded tubular member 1310 
20 is then removed in & conventional manner. The material 1380 within the annular 
region 1390 is then allowed to cure. 

As illustrated in Fig. llf, preferably any remaining cured material. 1380 
within the interior of the expanded tubular member 1310 is then removed in a 
conventio nal manne r using a conventional drill string. The resulting new section 
25 ^fw>gyng l ACQ inehidga the expanded tubular member 1310 and an outer annular 
layer 1405 of cured material 305. The bottom portion of the apparatus 1300 
comprisingtbe shoe 1315 may then be removedby drilling out tha shoe 1315 using 
conventional drilling methods. 

A method of creating 8 caring in a borehole located in a subterranean 
30 formaiacm has been described that in^ 

in the borehole. A body of fluidic material is then injected into the borehole. The 
tubular liner is then radially expanded by extracting the liner off of the mandrel 



The injecting preferably includes injecting a hardenahle fluidic sealing material 
into an annular region located between the borehole and the exterior of the 
tubular liner, and a nan hardenahle fluidic material into an interior region of the 
tubular liner below the mandreL The method preferabfr includes fluidity 
5 isolating the annular regkm from the interior region before injecting the second 
quantity of the nan hardenahle sealing material into the interior region. The 
injecting the hardenahle fluidic aeaHng material 1b preferably provided at 
operating pressures and flow ratee ranging from about 0 to 5000 psi and 0 to 1,500 
gaOonafain. The injecting of the nan hardenahle fluidic material is preferably 

10 provided at operating pressures and flow rates ranging from about 600 to 9000 psi 
and 40 to 3,000 gnltonVmftr Tb* injecting of the nan hardenable fhridk material 
is preferably provided at reduced QperatingprassoreBaiHlflowrateBdtuin g anend 
portion of the ertrndrng. The non hardenahle fluidic material ia preferably 
injected below the mandreL Tho method inre&rab^indndeepreasurijdng a region 

16 ofthe tubular Knar below the mandrel The region of the tubular liner below the 
mandrel is preferably pressurized to pressures rangingfrom about 500 to 9,000 psi. 
The method preferably includes flnididy iaolatingan Interior regkm ofthe tubular 
liner from an exterior region ofthe tubular liner. The method farther preferably 
includes curing the hardenahle sealing material, and removing at least a 

20 of the cured wwlingmaterial located within the tubular liner. The method tether 
prefarab^inchuleso^ 

The method farther preferably includes sealing the overlap between the tabular 
liner and the existing wellbore casing. The method farther preferably includes 
supporting the extruded tubular liner using the overlap with the existing wellbore 
25 casing. The method farther preferably include 

the overlap between the tubular liner and the existing wellbore casing. The 
method farther prefer^ 

fluidksealingmaterial within the tuln^ liner brfore curing. The method farther 
preferably includes lubricating the surface ofthe mandrel The method farther 
30 preferably includes absorbing shock. The method farther inferably includes 
catching the mandrel upon "*™p 1g frm if Mm^ g 
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An apparatus for creating a casing in a borehole located in a subterranean 
formation has been described that includes a support member, a mandrel, a 
tubular member, and a shoe. The support member includes a first fluid passage. 
The mandrel is coupled to the support member and incrub^aseoond fluid passage. 

5 The tabular member is ootlple^ 

liner and includes a third Quid passage. The first, second and third fluid passages 
are operably coupled. The support member preferably further includes a pressure 
relief passage, and a flow control valve coupled to the first fluid passage and the 
pressure relief passage. The support member further preferably includes a shock 

10 absorber. The support member preferabjy includes one or more sealing members 
adapted to prevent foreign material 

member. The mandrel is preferably expandable. The tubular member is 
preferably fabricated from materials selected from the group consisting of Oilfield 
Country Tubular Goods, 13 chromium steel tubing/easing, and plastic casing. The 
15 tubular member preferably has inner and outer diameters ranging from about 3 
to 15.5 i nch "* and 3.5 to 16 inches, respectively. Tbe tubular member preferably 
has a plastic yield point ranging from about 40,000 to 135,000 pal The tubular 
member preferably includes one or more sealing members at an end portion. The 
tubular member preferably includes one or more pressure relief holes at an end 
20 portion. The tubular member preferably includes a catching member at an end 
portion for slowing dcrwn the mandrel Theshoe preferably includes an inlet port 
coupled to the third fluid passage, the inlet port adapted to receive a plug for 
blocking the inlet port The shoe preferably is drillable. 

A method of joining a second tubular member to a first tubular member, the 
25 first tubular member having an inner diameter greater than an outer diameter of 
the second tabular member, has been described that includes positioning a 
mandrel within an interior region of the second tubular member, positioning the 
first and second tubular members in an overlapping relationship, pressurising a 
portion of the interior region of the second tubular member, and extruding the 
30 second tubular member off of the mandrel into engagement with the first tubular 
member. The pressurizing of the portion of the interior region of the second 
tubular member is prefin^ 
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600 to 9,000 psL The pressurizing of the portion of the interior region of the 
second tubular member is preferably provided at reduced operating pressures 
during a latter portion of the extruding. The method further preferably includes 
sealing the overlap between the first and second tabular members. The method 
5 fiirther preferably in chides supporting the extruded first tubular member o sing 
the overlap with the second tubular member. The method further preferably 
includ es lubricating the surface of the mandrel The method further preferably 
includes absorbing shock. 

Altaerforuaemcreatingaiiewsed casing hi a subterranean 

10 formation adjacent to an already existing section of weHbore casing has been 
described that includes an annular member. lbs annular member includes one or 
more sealing members at an end poxtkm of the annular niember t and one or more 
pressure relief passages at an end portion of the *nw»ipy member. 

A wellbore casing has been described that includes a tubular liner and an 
15 aimularbcKfyofaaired The tubular liner is formed by the 

process of extruding the tubular liner off of a mandreL The tubular liner is 
preferably formed by the process of placing the tubular liner and mandrel within 
the wellbore, and pressurizing an interior portion of the tubular liner. The 
annular bocfe of the cored flnidic sealing material is preferably formed by the 
20 process of injecting a boo^ 

region external of the tubular Knar. During the pressurizing, the interior portion 
of the tubular liner ia preferably fluididy isolated from an exterior portion of the 
tubular liner. The interior portion of the tubular liner is preferably pressurized 
to pressures ranging from about 500 to 9,000 psL The tubular liner preferably 
25 overlaps with an existing wellbore casing. The weHbore casing prefetabfy further 
includes a Beal positioned in the overiapbiiiiiBau the faAnlar lmgr «*u* tfr» 
wellbore casing. Tubular Uner is preferably supported the overlap with the 
existing wellbore casing 

A method of repairing an existing section of a weHbore casing within a 
SO borehole has been described that WturW milling ■ tn\^] nr Imgrond a mandrel 
within the wellbore casing, injecting* body «f» itm *> t^flt^al Into the borehole, 
pressurizing a portion of an interior region of the tubular liner , and radially 
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expanding the liner in the borehole by extruding the liner off of the mandrel In 
ft pre frrml embodiment, the fluidic material is selected from the group consistiiig 
of dag mix, cement, drilling mud, and epoxy. In a preferred embodiment, the 
method further includes Quidicly isolating an interior region of the tubular liner 

5 from an exterior region of the tubular liner. In a preferred embodiment, the 
injocting of the body erf ihtidir Tnr fr™* ™ provided at operating pressures and flow 
ratce ranging from about 500 to »,000 pa and 40 to 3,000 gaUona/inin. In a 
preferred enibodiment, the injecting of the body of fluidic material is provided at 
reduced frp^t™ff p™"*"™* flnwrairadiiringan end portion of the extruding. 

10 In a imferred embodiment, the fhii^ In 
a preferred embodiment , a region of the tabular liner below the mandrel is 
pressurized. In a preferred embodiments 

mandrel is pressurized to pressures rangm^ I*a 
preferred enibodiment, the method further includes overlapping the tubular liner 
15 with th» «^nHtig wdlWft caging. In a preferred erjcdx)dhnent, the method further 
includes tha interface between the tubular liner and the existing wellbore 

casing. In a preferred enibodiment, the method further includes supporting the 
extruded tubular liner using the existing wellbore easing. In a preferred 
ernbodiment, the method further m 
20 interface between the tubular liner and the existing wellbore casing. In a 
preferred embodiment, method further includes lubricating the surface of the 
mandreL In a preferred ernbodiment, the method further includes absorbing 
shock. In a preferred embodiment, the method further includes catching the 
mandr el upon the completion of the extruding. In a preferred ernbodiment, the 
25 method further includes expanding the mandrel in a radial direction. 

A tie-back Kner for lining an existing wellbore casing has been described 
that includes a tubular liner and an annular body of a cured fluidic sealing 
material. The tubiilarh^ is formed by tte 
off of a mandreL Theannnlarbody of aairedfluio^ 
30 to the tubular liner. In a preferred embodiment, 

process of pladng the tubular liner and mandrel within the wellbore, and 
pteaauriring an interior po^ In a preferred embodiment, 
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during the pressurizing, the interior portion of the tubular liner 
from an exterior portion of the tubular liner. Is a preferred embod i m ent! the 
interior portion of the tubular liner la pressurized at praranrra ranging frmw pfrf> u t 
500 to 9,000 psL In a preferred embodiment, the anmilarboiy of acumifhiidic 
5 sealing material is formed by the process 
sealing material into on annular regkm between tlie existing wellbore casing 
the tubular liner. In a preferred embodiment, the tubular liner overlaps with 
another existing weHbore casing. In a preferred embodiment, the tie-back lingr 
fUrther includes a seal posttioned in the overlap between the tubular liner rod the 
10 other existing weflbore casing. In a preferred embodiment, tubular liner is 
supported by the overlap with the other existing wellbore casing. 

An apparatus far expanding a tubular member has been described that 
includes a support member, a mandrel, a tubular member, and a shoe. The 
support member includes a first fluid passage. The mandrel is coupled to the 
15 support member. The mandrel includes a second fluid passage operably coupled 
to the first fluid passage, an interior portkin, and an extericr portion. The interior 
portion of the mandrel is drillable. The tubular member is counted to the mandrel 
The shoe is coupled to the tubular member. The shoe includes a third fluid 
passage operably coupled to the second fluid passage, an interior portion, and an 
20 exterior portion. The interior portion of the shoe is drillable. Preferably, the 
interior portion of the mandrel includes a tubular member and a load bearing 
member. Preferably, the load bearing member comprises a drillable body. 
Preferably, the interior portion of the shoe includes a tubular member, and a load 
bearing member. Preferably, the load bearingipember comprises dr illab le bofly. 
Preferably, the exterior portion of the mandrel comprises an expansion cone. 
PreferabfothaeEpanstocxme 

consisting of tool steel, titanium, and ceramic Preferably, the expansion cone has 
a surfcce hardness ranghigfiro Preferably at least a 

portion of the apparatus is drillable. 

Although illustrative embodiments of the invention have been shown and 
described, a wide gangs of modification, changes and suhattortion I • contemplated 
in the foregoing disclosure. In some instances, some features of the present 
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invention may be employed without a corresponding use of the other features. 
Accordingry, it is appropriate that the appended claiiM be 
in a maimer consistent with the scope of the invention. 
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Claims 



11. A method of creating a casing in a borehole located in a subterranean 

2 formation, comprising: 

3 installing a tabular liner and a mandrel in the borehole; 

4 injecting flnidic material into the borehole; 

5 pressurising a portion of an interior region of the tubular liner, and 

6 radially expanding at least a portion of the liner in the borehole by 

7 extruding at least a portion of the liner off of the mandrel. 

12. A method of creating a casing in a borehole located in a section of a 
2 subterranean formation, the borehole having an already existing casing, 

4 drilling rat a new section erf 

6 casing; 

6 placing a tubular liner and an expandable mandrel into the new section of 

7 the borehole; 

8 overlapping the tubular liner with the already existing casing; 

9 injecting a hardenable fluidic sealing material into an annular region 

10 between the tubular liner and the new section of the borehole; 

11 fluidkfr isolating the annular regkmbetwem the tubalar 

12 section of the borehole frura an interior region of the tubular liner 

13 below the mandrel; 

14 injecting a non hardenable fhiifttr material into the interior region of the 

15 tubular liner below the mandrel; 

16 extruding the tubular liner off of the expandable msjidr^ 

17 sealing the overlap between the tubular liner and the already existing 

18 casing; 

19 supporting the tubular liner with the overlap with the already existing 

20 casing; 

21 removing the mandrel from the borehole; 
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22 testing the integrity of the seal of the overlap between the tubular liner and 

23 the already existing casing; 

24 removing at least a portion of the hardemible fluidk s ealing material from 

25 the interior of the tubular liner; 

26 curing the remaining portions of the fhtidic hardenable fluidic sealing 

27 material; and 

28 removing at least a portion of the cured Ihiidichaidenable sealing 
J 29 within the tubular liner. 

v.a 1 3. An flpparntTii for *"T°™K"ff « fahnlar member, rnmnririnr : 

2 a support rnenber, the support memlw 

3 a mandrel coupled to the support member the mandrel i n cludin g: 

4 a second fluid passage; 

5 a tubular member coupled to the mandrel; and 

6 a shoe (^pled to the tubular liner, the sh^ 

7 wherein the first, second and third fluid passages are opeTably coupled. 

1 4, An apparatus for expanding a tubular member, comprising: 

2 a support member, the support member inc lu di ng : 
S a first fluid passage; 

4 a second fluid passage; and 

5 a flow control vahrecmroled to the first and second fluid passages; 

6 an expandable mandrel coupled to the support member, the expandable 

7 mandrel including a third fluid passage coupled to the first fluid 

8 passage; 

9 a Mb"**"- tn wnhgr «mpled to the mandrel the tubular member including 

10 one or more sealing element s; 

11 a shoe coupled to the tubular member, the shoe including : 

12 a fourth fluid passage cou^ 

13 fluid passage adapted to receive a stop member;and 

14 one or inoreexhanj* passages ccun^ 

15 inject fluidfciM 
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16 at least one sealing member coupled to the support member, the sealing 

17 member adapted to prevent the entry of foreign material into an 

18 interior region of the tubnlar member. 

1 5. A method of joining aaecoiid 

2 first tubular member having an inner diameter greater than an outer diameter of 

3 the Beoand tabular member, comprising: 

4 positioning a mandrel within an interior region of the second tubular 

5 member; 

6 preawiriringaportira 

7 and 

8 extruding the second tubular member off of the mandrel into engagement 

9 with the first tubular member. 

1 6. A tubular liner, comprising: 

2 an annular member, t h« »™yjpr wwwih*^ including : 

3 one or more sealing members at an end portion of the annular 

4 member; and 

6 one or more pressure relief passage 

6 member. 

17. A wellbore comprising: 

2 a tubular liner, the tubular liner formed by the process of: 

3 extruding the tubular Hner off of a mandrel; and 

4 an annular bocry of a cured fhiklic sealing material coupled to the tubular 

5 liner. 

1 8. A tie-hack M»«r far fining «wr<rtfag wellbore f^rnr**"^ 

2 a tubular liner, the tubular liner formed by the process of: 

3 extrudnigatleaatapoTtiopoftte 

4 an annular bobV of a cured fluldk sealing material coupled to the tub ular 

5 liner. 
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X 9. An apparatus for expanding a tubular member, comprising: 

2 a s up port member including a first fluid passage; 

3 a mandrel coupled to the support member, the mandrel including: 

4 a second fluid passage operably coupled to the first fluid passage; 

5 an interior portion; and 

6 an exterior portion; 

7 wherein the interior portion of the mandrel is drillable; 
g an expendible tubular member coupled to the mandrel; and 

9 a shoe coupled to the tubular member, the shoe including: 
10 a third fluid passage operably coupled to the second fluid passage; 

U an interior portion; and 

12 an exterior portion; 

13 wherein the interior portion of the shoe is drillabie. 
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